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how	sustained	 lunar	exploration	will	 advance	 science,	







dimensional	 views	 of	 the	 Sun;	 recovered	 comet	 and	
interstellar	dust	particles	 from	 the	 successful	Stardust	











Finally,	 the	 entire	NASA	 community	 cheered	 the	
awarding	in	December	of	the	2006	Nobel	Prize	in	Physics	
to	Dr.	John	C.	Mather,	senior	astrophysicist	and	senior	




of	 the	black	body	 form	and	anisotropy	of	 the	 cosmic	
microwave	background	radiation.”	Mather	coordinated	
the	science	work	of	NASA’s	Cosmic	Background	Explorer	
satellite,	 launched	 in	1989,	which	helped	validate	 the	
Big	Bang	theory	of	the	origin	of	the	universe.	
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arise	 from	seeking	 to	accomplish	 the	near-impossible.	
Fundamentally,	we	help	to	create	new	technologies	to	












































































In accordance with congressional mandates cited in the National Aeronautics and Space Act of 198 
and the Technology Utilization Act of 196, NASA was directed to encourage greater use of the Agency’s 
knowledge by providing a link between the NASA research community and those who might use the 
research for commercial or industrial products. For more than 40 years, NASA has nurtured partnerships 
with the private sector to facilitate the transfer of NASA-developed technologies. The benefits of these 
partnerships have reached throughout the economy and around the globe, as the resulting commercial 
products contributed to the development of services and technologies in the fields of health and 
medicine, transportation, public safety, consumer goods, environmental resources, computer technology, 
and industry. Since 196, NASA Spinoff has profiled more than 1,00 of the most compelling of these 
technologies, annually highlighting the best and brightest of partnerships and innovations. Building on 
this dynamic history, NASA partnerships with the private sector continue to seek avenues by which 
technological achievements and innovations gleaned among the stars can be brought down to benefit 
our lives on Earth.








This	 impedance	 threshold	device	 improves	
the	standard	of	care	provided	to	patients	with	






ication	 and	 Retrieval	 software	 laid	 the	
groundwork	for	a	project	seeking	to	use	imag-





















ography	 to	measure	 the	muscle	 activity	 of	
astronauts	was	continued	by	the	Chiropractic	
Leadership	 Alliance	 to	 identify	 additional	
applications,	 resulting	 in	 the	 Insight	
Subluxation	Station,	a	neurospinal	screening	
and	 evaluation	 system.	The	 system,	which	
can	be	used	on	infants,	children,	and	adults,	
is	readily	compatible	with	most	chiropractic	










device	 for	 acne	 treatment,	 was	 named	 the	
“SATOP	Texas,	Success	Story	of	the	Year”	in	
2006,	Allure’s	2005	“Best	of	Beauty,”	Marie	













built	 for	 other	 applications,	 including	 cell	
signaling	 and	 pathway	 analysis;	 classifica-
tion	and	characterization	of	peripheral	blood	
mononuclear	cell	populations;	quantitative	














digitized	 mammographies,	 dental	 X-rays,	
soft	tissue	analyses,	moving	object	analyses,	
and	 soft-tissue	 slides.	BMI	 and	NASA	are	
developing	a	3-D	version	of	RHSEG	to	pro-
duce	pixel-level	views	of	a	tumor	or	lesion,	
and	 identify	 plaque	 build-up	 in	 arteries	














The	 software	 now	 offers	 automatic	 alerts	













tool	 for	 studying	 helicopter	 and	 tiltrotor	
















Integration	 System,	which	 integrates	 data	
from	disparate	 sources	 into	 the	 flight	data	
analysis	 process.	 These	 were	 incorporated	
into	its	flight	operations	monitoring	system	
designed	 to	 support	any	aircraft	and	 flight	








developed	 Langley	 RC4	 series	 of	 airfoils	
to	develop	a	replacement	main	rotor	blade	
for	 Sikorsky	 S-61	 helicopters.	 The	 result-










Kelly	 Aerospace	 Thermal	 Systems	 LLC	
collaborated	with	NASA	scientists	on	deicing	
technology	with	 assistance	 from	 the	 SBIR	
program.	New	and	previous	work	combined	










SBIR	 contracts	 helped	 Intelligent	Optical	
Systems	 Inc.	 (IOS)	develop	moisture-	 and	
pH-sensitive	 sensors	 to	detect	 corrosion	or	











Innovative	 Engineering	 and	 Consulting	
Infrared	Systems	 received	NASA	assistance	
to	 develop	 commercial	 infrared	 imaging	
systems	that	better	differentiate	the	intensity	
of	heat	sources.	The	research	resulted	in	the	




applying	 its	 thermal	 imaging	 techniques	 to	
medical	and	pharmaceutical	products.
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World	 Globes	 designs	 and	 produces	 the	
most	visually	authentic	replicas	of	Earth	ever	
created—EarthBalls—in	 many	 sizes	 that	
depict	Earth	as	it	is	seen	from	space,	complete	
with	 atmospheric	 cloud	 cover.	 Though	
the	cloud	cover	has	been	 reduced	 to	make	
the	 landforms	more	 visible,	 Orbis	 globes	
are	 otherwise	 meteorologically	 accurate.	








tion	develop	 a	nutritional	 fat	 replacement	
and	flavor	enhancement	product.	The	now-






and	 helps	 manufacturers	 reduce	 material	



















NASA	 spurred	 Sun	 Coast	 Chemicals	 to	
develop	an	effective	and	environmentally	safe	
lubricant	 for	 the	 shuttle-bearing	 launcher	
platform.	The	resultant	X-1R	Crawler	Track	
Lube	is	biodegradable	and	high-performance.	
Sensing	 many	 market	 opportunities,	 Sun	
Coast	 Chemicals	 introduced	 Train	 Track	













contract	 developed	 a	 hyperspectral	 crop-	
imaging	 project	 to	 enhance	 airborne	
hyperspectral	 sensing	and	ground-truthing	
means	 for	 crop	 inspection.	SpecTIR	LLC,	
recognized	 for	 innovative	 sensor	 design,	


















formed	 Intelesense	Technologies	 to	 apply	





















lifetime.	 Common	 applications	 include	








combined	 with	 Surtreat	 Holding	 LLC’s	
chemical	 anti-corrosive	 solution.	 NASA	
followed	this	effective	match	with	a	 liquid	
galvanic	 coating	 for	 reinforced	 concrete,	
applications	 for	which	 include	 bridge	 and	
building	 infrastructures,	 piers	 and	 docks,	
parking	 garages,	 cooling	 towers,	 and	
pipelines.	 Surtreat’s	 Total	 Performance	
System,	a	natural	compliment	to	the	coating,	
provides	diagnostic	testing	and	site	analysis,	
manufactures	 and	 prescribes	 site-specific	
























NASA	 developed	 a	 flattening	 process	 to	





software	derived	 from	NASA’s	 to	 translate	
2-D	graphics	for	3-D	surfaces	prior	to	print	
production.	Benefits	of	this	process	include	
11.5	 percent	 time	 savings	 per	 project,	






A	NASA	 SBIR	 contract	 helped	 Scientific	
Monitoring	Inc.	create	a	simplified	health-
monitoring	approach	for	flight	vehicles	and	
equipment.	 I-Trend,	 the	 resulting	 prod-
uct,	 compares	 equipment	 performance	 to	
design	predictions,	 to	 detect	 deterioration	






ring	 to	 develop	 next-generation	 engine	
health-management	software.
page 98 






new	 tools	 and	 applications	 that	 support	
the	 Vision	 for	 Space	 Exploration.	 The	
first	 result	 of	 the	 partnership	was	 the	NX	






























tive	 to	 monocoque	 composite	 structures,	
developed	through	a	series	of	NASA-funded	
projects,	is	garnering	global	attention	due	to	




include	 utility	 poles	 and	 meteorological	







NASA	SBIR	 contract	 to	 address	 advanced	
sensor	 needs.	 The	 resulting	 photoreceiver	
is	 capable	 of	 single	 proton	 sensitivity	 and	















developed	 advanced	 micro-electrical	 dis-
charge	machining	to	produce	tiny	holes	 in	
the	 evaporator.	 This	 technique	 was	 used	














Intelligence	 Systems	 LLC.	 Lextel	 added	
new	 features	 and	 expanded	 the	 applicabil-
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Hypersonic	Composites	Resist	
Extreme	Heat	and	Stress
Research	 contracts	 with	 NASA	 helped	
Materials	 and	 Electrochemical	 Research	
Corporation	(MER)	develop	technologies	for	
hypersonic	flights,	 including	a	coating	that	













QuesTek	 Innovations	 LLC	 developed	 a	














EGC	 Enterprises	 Inc.	 used	NASA’s	 Icing	
Research	Tunnel	 to	develop	thermoelectric	



























































Satellites and Imaging 
Technology
Space Telescopes and 
Deep Space Exploration
International Space Station


































































































The National Aeronautics and Space Act of 198 required that NASA 
disseminate its information to the public, and the Technology Utilization 
Act of 196 formalized the process through which the Agency was to 
accomplish this task. Today, NASA continues to seek industry partnerships 
to develop technologies that apply to NASA mission needs, provide 
direct societal benefits, and contribute to competitiveness in global 
markets. As part of NASA’s mission, the Agency facilitates the transfer 
and commercialization of NASA-sponsored research and technology. 
These efforts not only support NASA, they enhance the quality of life in 






Assist patients with cognitive disorders
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Originating	Technology/NASA	Contribution
Ever	 stand	 up	 too	 quickly	 from	 a	 sitting	 or	lying	 position	 and	 feel	 dizzy	 or	 disoriented	for	 a	 brief	moment?	The	 downward	 push	 of	
Earth’s	gravity	naturally	causes	blood	to	settle	in	the	


















sional	 fainting,	blurry	 vision,	 and	pain	or	discomfort	
in	 the	head	and	the	neck,	 to	 tiredness,	weakness,	and	
a	lack	of	concentration.	Though	research	indicates	that	
the	 condition	 is	 not	 life-threatening,	 it	 could	 impact	
the	quality	of	life	and	contribute	to	falls	that	result	in	seri-
ous	injuries.
The	 condition	 is	 a	 prominent	 concern	 for	NASA,	
since	 astronauts	 have	 to	 readjust	 to	 the	 gravitational	











Cardiovascular	 experts	 at	 NASA	 have	 found	 that	
the	 blood	 that	 normally	 settles	 in	 the	 lower	 regions	
of	the	body	is	instead	pulled	to	the	upper	body	in	the	
microgravity	 environment	 of	 space.	 Blood	 volume	 is	
subsequently	 reduced	 as	 some	 cardiovascular	 reflexes	















NASA	 has	 conducted	 and	 sponsored	 a	 wealth	 of	
studies	to	counter	the	effects	of	orthostatic	intolerance,	
especially	since	the	condition	could	prevent	an	astronaut	














in	 the	body.	A	 separate	Ames	 study	 is	 evaluating	 the	
possibility	 of	 expanding	 astronauts’	 plasma	 volumes	
(the	fluid	part	of	the	blood,	minus	the	blood	cells),	as	a	
preventative	measure.	
Circulation-Enhancing Device Improves CPR
The ResQPOD is an impedance threshold device used to 
enhance circulation during CPR. It could be used to increase 
circulation for astronauts as their bodies initially adjust to a 
return to gravity from the weightlessness of space.
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In	NASA-sponsored	research	at	Vanderbilt	University,	
researchers	have	successfully	identified	a	genetic	cause	for	



























research	 effort,	 including	 six	 published	 studies.	 The	
published	works	demonstrate	 that	ResQPOD	offers	a	





role	 in	 the	 company	 obtaining	U.S.	 Food	 and	Drug	
Administration	501K	clearance	for	the	device.
The ResQPOD increases circulation in states of low blood pressure. When used on patients in cardiac arrest, the ResQPOD 
harnesses the chest wall recoil after each compression to generate a small but critical vacuum within the chest. This vacuum 
enhances blood flow back to the heart and results in a marked increase in blood flow out of the heart with each subsequent 
chest compression.
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The ResQPOD 
doubles blood flow 
back to the heart. 
CPR delivers 
approximately 1 
percent of normal blood 
flow to the heart.
During the decompression (release) phase of 
CPR, an increase in negative pressure in the 
thoracic cavity results in drawing more blood 
back into the chest, providing greater venous 









for	NASA’s	 space	 shuttle	missions,	 added	ResQPOD	
to	 the	 list	 of	medical	 equipment	 that	 is	 available	 for	
returning	astronaut	crews.	The	device	was	on	hand	for	
the	 landing	 of	 Space	 Shuttle	 Atlantis	 (STS-115)	 on	
September	21,	2006.	
“We’re	 excited	 that	 our	 devices	were	 available	 to	
the	medical	team	[for	the	STS-115	mission]	and	look	
forward	to	continued	collaboration	with	NASA	to	assist	































by	 temporarily	 sealing	off	 the	airway	between	breaths	
and	preventing	unnecessary	air	from	entering	the	chest	
























brain	 is	 increased	by	50	percent.	 In	sustaining	proper	




























percent of normal 
blood flow to the brain.
The ResQPOD delivers 
more than 0 percent 
of normal blood flow to 
the brain.
Improved venous return results in increased 
cardiac output during the subsequent 
compression phase of CPR, providing greater 
blood flow to the brain.



























































Testing	 continued,	 and	 the	 team,	 buoyed	 by	 its	
successes,	began	looking	for	outside	funding	and	methods	
Noninvasive Test Detects Cardiovascular Disease
Images from the Mars Reconnaissance Orbiter suggest that liquid water has flowed on Mars within the past 6 years. These 
pictures were analyzed and clarified with imaging software technologies from NASA’s Jet Propulsion Laboratory.






























president	 of	 the	 California	 Institute	 of	 Technology	
(Caltech),	 Thompson	 asked	 whether	 there	 were	 any	





























Atherosclerosis is a condition in which fatty material collects along the walls of arteries. This fatty material thickens, hardens, 
and may eventually block the arteries.























The	 term	 atherosclerosis	 comes	 from	Greek,	with	
athero	meaning	a	gruel	or	paste	(plaque)	and	sclerosis	
meaning	hardness.	It	is	just	that,	a	buildup	of	cholesterol	







has	 no	 discernable	 symptoms	 until	 one	 or	 more	 of	
























ArterioVision is the only CIMT tool on the market that offers 
a predictive report for physicians and patients. It explains 
the significance of test results using a proprietary database 
and JPL-developed algorithms and can extrapolate to show 
percentile of risk.
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As	 evidenced	 by	 the	 battery	 of	 tests	 Thompson	
underwent	 before	 his	 heart	 attack,	 diagnostic	 tools	
for	 atherosclerosis	 screening	 are	 far	 from	 advanced.	
Atherosclerosis	 begins	 in	 the	 abdomen	 and	 ascends	
to	the	heart	and	the	carotid	arteries.	A	diagnostic	tool	
























































ArterioVision is a CIMT test that uses ultrasound image-capturing and analysis software to noninvasively identify the risk for the 
major cause of heart attack and strokes: atherosclerosis.
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Originating	Technology/NASA	Contribution
























As	 Levinson	 learned	 about	 emerging	 neuropsy-




































people	with	a	wide	 range	of	 cognitive,	 attention,	and	
developmental	disorders.
Partnership




serve	 as	 a	 tool	 for	 helping	 individuals	 suffering	 from	
various	forms	and	levels	of	brain	impairment.	In	1993,	
the	chief	of	Ames’	Artificial	Intelligence	Research	Branch	
suggested	 that	 Levinson	 contact	 Santa	 Clara	 Valley	
Medical	 Center,	 which	 hosts	 a	 nationally	 acclaimed	
rehabilitation	 and	 research	 center	 that	 specializes	 in	
brain	injuries,	to	see	if	the	hospital	was	interested	in	a	
research	collaboration.	Levinson	heeded	the	advice	and	
found	 a	 valuable	 partner	 in	 the	medical	 center.	This	





Inc.,	 in	Mountain	View,	California,	 to	 produce	 and	
market	this	NASA	spinoff	creation.
Product	Outcome
Attention	 Control	 Systems	 now	 offers	 people	
with	 memory,	 attention,	 and	 cognitive	 disorders	 a	
computerized,	personal	planning	device	 to	help	 them	
stay	on	task	by	overcoming	limitations	in	planning	and	












requiring	 their	 users	 to	manually	 re-plan	 and	update	
schedule	data	when	changes	occur.
While	daily	routine	activities	come	naturally	to	most,	
individuals	 with	 memory,	 attention,	 and	 cognitive	





Scheduling Accessory Assists Patients with Cognitive Disorders
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Whether	individuals	are	mildly	or	severely	impaired,	




an	 exact	 start	 time	 in	 order	 to	 keep	 the	 prioritized,	
scheduled	events	on	track.	For	example,	an	individual	
using	PEAT	wakes	up	to	a	preplanned	day	that	consists	































or	 stop	 at	 the	 scheduled	 time.	Highly	 impaired	users	
may	be	locked	into	this	Cue	Card	section,	which	means	
they	will	only	see	reminders	for	one	event	at	a	time.	This	


















PEAT	 is	 sold	 as	 a	 complete	 system	 that	 includes	
software,	 hardware,	 documentation,	 and	 technical	
support.	In	addition	to	the	flagship	Pocket	PEAT	device,	




















Meanwhile,	 clinical	 studies	 of	 PEAT	 continue	
at	 Santa	Clara	Valley	Medical	Center.	 Levinson	 also	
foresees	the	technology	he	first	developed	for	autonomous	
robotic	 planning	 to	 have	 “spin-in”	 application	 for	
NASA’s	astronauts.	v
PEAT™	is	a	trademark	of	Attention	Control	Systems	Inc.	
PEAT is a powerful cueing and scheduling aid to help people 
with a wide range of cognitive, attention, and developmental 
disorders.
Scheduling Accessory Assists Patients with Cognitive Disorders
 Health and Medicine  Spinoff 2007
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Originating	Technology/NASA	Contribution











and	 advanced	 technologies	 created	 as	 a	 result	 of	 the	
Nation’s	 investment	 in	 space.	For	 companies	 that	do	
not	need	NASA-developed	technology	or	advanced	test	
facilities	 but	 still	want	 to	 leverage	 some	 of	 the	 brain	



















Tyrell	 Inc.,	 a	 Houston-based	 medical	 technolo-









Conrad,	who	 had	 been	 plagued	with	 adult	 acne	 and	






























engineering	 advice	 toward	 designing	 a	 new	 element	
that	reduced	the	cost	of	the	heating	element	from	about	
$80	 each	 to	 just	 10	 cents,	making	 the	product	more	
Hand-Held Instrument Fights Acne, Tops Over-the-Counter Market
Zeno is a hand-held, portable electronic medical device 
that is clinically proven to make pimples disappear fast. In 
fact, for treating acne pimples, it is the most scientifically 
advanced and effective device available without a 
prescription. It applies a precisely controlled heat dose 
directly to the pimple through a metal pad. One treatment 
lasts . minutes.
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marketable.	 Shortly	 after	
meeting	with	Saad,	Conrad	






In	 2006,	 the	 product,	





























Zeno	 spot-treats	 acne.	Clinical	 trials	 showed	 that	

















Two to three .-minute treatments spread over 4 hours are sufficient for most pimples. Often, only one treatment is needed.




































called	Medusa	 to	 collect,	 store,	 and	 analyze	 sample	
organisms	 from	erupting	hydrothermal	vents.	For	 the	
sample	 analyses,	Medusa	 is	 equipped	with	 a	 spectral-
analysis	chemical	sensor	that	uses	a	process	called	flow	






































Multispectral Imaging Broadens Cellular Analysis
It is possible that beneath Europa’s surface ice, there is a 
layer of water, kept liquid by tidally generated heat. If so, it 
would be the only place in the solar system besides Earth 
where liquid water exists in significant quantities.












NASA’s Medusa instrument inside the submergence vehicle Alvin’s instrumentation basket in preparation for launch.
The submergence vehicle Alvin as it is about to dive to 
the bottom of the ocean. Released from the mothership, 
the Research Vessel Atlantis (operated by Woods Hole 
Oceanographic Institution, of Woods Hole, Massachusetts) 
with the diver standing on top.
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are	less	sensitive	to	misalignment	tend	to	sacrifice	fluores-
cence	sensitivity.	
Many	 flow	cytometry	 systems	are	also	 just	 too	big	
and	 impractical	 for	NASA’s	purposes,	especially	 since	





















Through	 Phase	 I	 and	 II	 SBIR	 contracts,	 Ames	
provided	 Amnis	 the	 funding	 the	 company	 needed	














moving	 objects	 (in	 flow)	 with	 very	 high	 sensitivity,	
producing	up	to	6	different	microscopic	images	of	each	
cell	flowing	through	the	instrument,	at	a	rate	of	15,000	
Screen shot of Amnis Corporation’s IDEAS data analysis 
software showing the detection of cells in division.
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cells	per	minute.	It	captures	the	images	at	high	speeds	





































































Extended depth-of-field (EDF) image of FISH probes 
dispersed in the nucleus along the optic axis or in close 
proximity in the lateral direction. EDF improves image 
presentation by removing focus-induced variation.
40 Health and Medicine  Spinoff 2007
Originating	Technology/NASA	Contribution











































Hierarchical Segmentation Enhances Diagnostic Imaging
Rather than working on the usual pixel-by-pixel basis, 
the RHSEG automatically organizes pixels into regions 
hierarchically, based on their spectral similarity. Looking at 
these regions, as opposed to individual pixels, allows the user 
to isolate specific features that are impossible to distinguish 
by other methods. Thus, the RHSEG provides a more reliable 
and accurate understanding of the image.


















(CRADA).	 This	 agreement,	 for	 development	 of	 the	
3-D	version	of	RHSEG,	grants	(in	advance)	a	partially	
exclusive	 license	 for	 the	 resulting	 technology	 patents	






























By	 extending	 the	 software’s	 capabilities	 to	 three	
dimensions,	BMI’s	device	may	be	able	to	produce	a	pixel-
level	view	of	all	sides	of	a	tumor	or	lesion.	While	current	
technology	 can	 produce	 3-D	 imagery,	 the	 RHSEG	
software	will	be	able	to	segment	an	image	in	ways	that	





well	 before	 they	 would	 normally	 be	 seen.	 In	 brain	
images,	the	physicians	using	Med-Seg	will	also	be	able	
to	make	 earlier	 diagnoses	 of	 tumors	 or	 arteriovenous	
malformations.	v
Med-Seg™	is	a	trademark	of	Bartron	Medical	Imaging	LLC.
The RHSEG software presents its results in a straightforward format consisting of a hierarchical set of image segmentations in 
either two or three spatial dimensions. This hierarchical presentation of results allows the user to choose the segmentation(s) of 
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can	 swiftly	 generate	 thousands	 of	 aircraft	 trajectories	
(as	many	as	15,000	on	a	single	computer)	that	can	help	
to	 streamline	 the	 flow	 of	 air	 traffic	 across	 the	 entire	



























The	 primary	 FACET	 features	 incorporated	 in	 the	
Flight	Explorer	 software	system	alert	airspace	users	 to	
forecasted	demand	and	capacity	imbalances.	By	having	
advanced	 access	 to	 this	 information,	 dispatchers	 can	
anticipate	 congested	 sectors	 (airspace)	 and	 delays	 at	
airports	and	decide	if	they	need	to	reroute	flights.	Overall,	
the	FACET	developers	at	Ames	assert	that	airspace	users	







support	 tool	 that	 the	 aviation	 community	 can	use	 to	
improve	operational	efficiency	and	business	performance.	
It	incorporates	NASA’s	FACET	technology	to	graphically	
depict	 airports	 and	 air	 sectors	 that	 are	 approaching	
capacity	or	are	over	capacity.	FACET	provides	a	count	
of	the	total	number	of	arrivals	and	departures	at	airports	

















The	 information	 the	 data	 center	 collects	 is	 retrieved	
from	 radar,	 satellite,	 and	 other	 tracking	mechanisms	
provided	by	 the	Federal	Aviation	Administration	and	
other	aviation	sources.	
Comprehensive Software Eases Air Traffic Management





























Operations	 Coordination	 Center	 at	 Houston-based	
Continental	Airlines.	
Flight	 Explorer	 Professional	 also	 provides	 inter-
national,	 real-time	 flight	 coverage	 over	 Canada,	 the	
United	 Kingdom,	 New	 Zealand,	 and	 sections	 of	
the	 Atlantic	 and	 Pacific	Oceans.	 In	 addition,	 Flight	
Explorer	Inc.	has	broadened	coverage	by	partnering	with	







The Future Air Traffic Management Concepts Evaluation Tool 
(FACET), developed at Ames Research Center, was selected 
as NASA’s 006 “Software of the Year.” FACET is a flexible 
software tool that provides powerful simulation capabilities 
and can rapidly generate thousands of aircraft trajectories to 
enable efficient planning of traffic flows at the national level.












in	 support	 of	 the	 U.S.	 helicopter	 industry	 and	 the	
U.S.	 Department	 of	 Defense.	 At	 this	 research	 site,	
engineers	study	all	aspects	of	the	rotorcraft	that	directly	
influence	 the	 vehicle’s	 performance,	 structural	 and	




perform	multidisciplinary,	 comprehensive	 analyses	 in	
the	quest	to	further	understand	the	complete	rotorcraft’s	
operating	environment	and	to	develop	analytical	models	
to	 predict	 aerodynamic,	 aeroacoustic,	 and	 dynamic	
behavior.	The	experimental	research	also	seeks	to	obtain	
accurate	data	to	validate	these	analyses,	investigate	phe-
nomena	 currently	 beyond	 predictive	 capability,	 and	
achieve	rapid	solutions	to	flight	vehicle	problems.
Partnership









For	 example,	 1987	 and	1992	NASA	Small Business 















This	 rotorcraft	model	 software	 code,	marketed	by	
CDI	as	the	Comprehensive	Hierarchical	Aeromechanics	








CHARM	has	 been	 used	 to	model	 a	 broad	 spectrum	





Available	 as	 a	 stand-alone	product	or	 adaptable	 to	
existing	 simulator	 and	 analysis	 systems,	 this	 software	
code	is	well	suited	for	performing	analysis	on	advanced	
aerodynamic	design	as	well	as	for	research	on	new	designs.	
Modeling Tool Advances Rotorcraft Design
CHARM is a computer software product that models the 
complete aerodynamics and dynamics of rotorcraft in general 
flight conditions.
CHARM represents the culmination of over  years of 
continuous development of rotorcraft modeling technologies 
at Continuum Dynamics Inc., and incorporates landmark 
technical achievements from a variety of NASA, U.S. 
Department of Defense, and company-sponsored initiatives.



















































CHARM is available for licensing as a stand-alone analysis program or as a module that couples directly into existing flight 
simulation or analysis software.









but	 a	 newly	 developed	 NASA	 program	 could	 point	
analysts	 to	 issues	 which	 might	 otherwise	 have	 been	











































In	 2004,	 Sagem	Avionics	 Inc.	 entered	 a	 licensing	
agreement	with	NASA	for	the	commercialization	of	the	
Air Data Report Improves Flight Safety
Sagem Avionics incorporated NASA’s Morning Report tool into its AGS comprehensive flight operations monitoring system, 
which processes all available data from aircraft recorders and provides customized reports.
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Morning	Report	software.	The	company,	based	in	Grand	
Prairie,	Texas,	 also	 licensed	 the	NASA	Aviation	Data	


















that	might	 develop	 when	 aircraft	 operate	 outside	 of	
normal	procedures.	
In	addition	to	the	Morning	Report	technology,	the	
































have	 access	 to	decoding	 frames	 for	 aircraft	parameter	
conversion	in	engineering	units;	procedure	sets	for	the	
















to airline FOQA 
analysts. The new 
software may help 
analysts identify 
the precursors 
of incidents or 
accidents.
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Advanced	rotorcraft	airfoils	developed	by	U.S.	Army	engineers	working	with	NASA’s	Langley	Research	Center	were	part	of	the	Army’s	risk	


















Carson	Helicopters	 Inc.	 licensed	 the	Langley	RC4	
series	of	airfoils	in	1993—2	years	after	the	Comanche	
project	 commenced—and	 began	 development	 of	 a	













from	 airlifting	 external	 cargo,	 suppressing	 wildfires,	
and	 carrying	 out	 emergency	 rescues,	 to	 performing	
high-rise	 rooftop	 installations,	 pouring	 concrete,	 and	
erecting	steel	structures	and	power	lines	in	areas	ground-
based	 cranes	 cannot	 access	 (soft	 grounds	 and	 swamp	










Advanced Airfoils Boost Helicopter Performance
The NASA-developed rotorcraft airfoils permit greater lift and lower pitching-moments than other rotorcraft airfoils—ideal for 
heavy lifting operations. 
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20,000-hour	service	life—double	that	of	the	conventional	








Program	 sponsored	 by	 the	 U.S.	 Naval	 Air	 Systems	



















The advanced airfoils, as applied to the main rotor of an S-61 helicopter, greatly increase the lifting capacity, operational 
envelope, and forward flight speed of the helicopter.















ment	 and	 effectiveness	 of	 various	 ice	 protection	 and	
detection	systems.






















ogy	with	assistance	from	the	Small Business Innovation 
Research (SBIR)	program.
Kelly	Aerospace	acquired	Northcoast	Technologies	




to-install,	 reliable	wing	and	 tail	deicing	 system.	Kelly	











Deicing System Protects General Aviation Aircraft
With NASA assistance, Kelly Aerospace has developed lightweight heating elements capable of keeping ice from forming on 
airplane wings.





















The	 Thermawing	 system	 is	 currently	 certified	 for	
use	 as	 airfoil	 protection	 on	 Columbia	 350	 and	 400	
single-engine	 aircraft,	 as	well	 as	 the	Beechcraft	Baron	
B55.	Kelly	Aerospace	is	continuing	to	develop	systems	for	
other	aircraft.	















about	anywhere	within	 the	aircraft,	 and	 it	 is	virtually	







To	assist	 in	 running	both	 the	Thermawing	deicing	













Ice forming on an aircraft can pose serious risks. The Icing Branch at Glenn Research Center seeks to minimize these hazards 




Sharpen views in critical situations
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Moisture	 can	 lead	 to	 corrosion	 in	 an	 aircraft,	 and	
altered	 pH	 can	 indicate	 that	 corrosion	 is	 occurring.	
Intelligent	Optical	 Systems	 Inc.	 (IOS),	 of	Torrance,	
California,	 completed	Phase	 I	 and	 II	Small Business 
Innovation Research (SBIR)	 contracts	with	NASA’s	
Langley	Research	Center	to	develop	moisture-	and	pH-

























Intelligent	 Optical	 Systems	 has	 sold	 the	 chemically	
sensitive	 fiber	 optic	 cables	 to	major	 automotive	 and	
aerospace	companies,	who	are	finding	a	variety	of	uses	
for	 the	devices,	 from	 the	original	 corrosive-condition	
monitoring	to	aiding	experimentation	with	nontraditional	
power	sources.	
Commercially	 marketed	 under	 the	 brand	 name	
DICAST	(Distributed	Intrinsic	Chemical	Agent	Sensing	
and	Transmission),	these	unique	continuous-cable	fiber	
optic	 chemical	 sensors	 use	 a	 glass	 core	 coated	with	 a	
permeable	indicator-doped	cladding	to	achieve	chemical	











Chemical-Sensing Cables Detect Potential Threats
The DICAST system combines patented fiber optic cables 
that are chemically sensitive over their entire length, with an 
advanced network architecture for large-scale protection of 
critical assets.
The sensor cables can be deployed in inexpensive alarm 
systems, which alert the user to a change in the chemical 
environment anywhere along the cable, or in sophisticated 
distance-resolved systems to provide detailed profiles of 
chemical concentration versus length.
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as	well	as	chlorine,	hydrogen	sulfide,	and	other	industrial	
compounds.	They	are	currently	designed	to	operate	in	





















the	 cables	 are	 also	 ideal	 for	 collecting	 profiles	 of	
chemical	 agents	 after	 an	 incident	 and	 for	monitoring	
decontamination.	By	setting	up	a	grid	of	cables	over	a	
contaminated	 area,	 response	 and	 clean-up	 crews	 can	
generate	an	accurate	picture	of	the	types,	location,	and	
concentration	of	hazardous	chemicals.	





perimeter.	 Possible	 locations	 that	 could	benefit	 from	
this	 application	 include	 airbases,	 ports,	 high-profile	
government	installations,	and	facilities	that	either	store	
or	destroy	 chemical	warfare	 agents.	According	 to	 the	
company,	the	cables	could	also	be	used	to	create	a	ring	of	
protection	around	large	outdoor	gatherings.	
Industrial	 applications,	 in	 addition	 to	 the	 original	









DICAST cable systems can be used on aircraft for passenger 
cabin protection.
DICAST chemical-sensing fiber optic cables provide complete 
indoor and outdoor protection for large facilities. 
The cable systems can be used for building and structure 
protection, such as in ventilation ducts, stairwells, and 
large open spaces in subways, high-rise buildings, arenas, 
convention centers, and automotive tunnels. 
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tion,	 at	 least	 temporarily	 (because	an	airflow	 is	being	





















and	 night	 vision	 equipment.	 The	 Cleveland-based	

















NASA	 assistance	 to	 work	with	 electrical	 and	 optical	
engineers	from	Glenn’s	Diagnostics	and	Data	Systems	
Branch	on	 the	development	of	 a	 commercial	 infrared	
imaging	 system	 that	 could	 differentiate	 the	 intensity	













company	offers	 two	major	 thermal	 imaging	 solutions	
that	 stem	 directly	 from	 its	 vast	 NASA	 experience:	
NightStalkIR	and	 IntrudIR	Alert	 (“IR”	 for	 infrared).	
These	two	imaging	systems	have	found	widespread	use	
in	 emergency	 first-responder,	 facility	 security,	 and	
military	applications.








(vehicle)	mounting,	 and	 onscreen	 positional	 display	
of	 imaging	direction	and	other	tactical	data.	Optional	
features	 include	 fiber	 optic	 and	wireless	 capabilities,	
an	 image-intensified	 camera	 that	 further	 enhances	
nighttime	imaging	in	the	visual	spectrum,	and	Global	
Positioning	 System/compass/laser	 range	 systems	 that	
provide	 the	 precise	 location	 of	 observed	 targets	 for	
increased	tactical	awareness.
IntrudIR	 Alert	 is	 an	 intrusion-detection	 system	
designed	to	operate	with	multiple	NightStalkIR	thermal	
imagers.	 This	 software-based	 system	 allows	 a	 single	
operator	to	command	and	control	these	imagers	over	a	
Infrared Imaging Sharpens View in Critical Situations
IEC Infrared Systems’ Thermal/Visual Imaging Systems 
product line features a suite of thermal imaging devices that 
are used in a wide range of applications.














This software-based system allows a single operator to 
command and control these devices over a broad area, 
for maximum tactical and situational awareness and early 
warning of intrusions.
Modern infrared imaging devices allow users to see through smoke and fog, as well as in total darkness. They have widespread 
use in military, facility security, and emergency first-responder applications.
protect	high-value	facilities	and	operations.	The	company	
is	also	applying	its	advanced	thermal	imaging	techniques	
to	medical	 and	pharmaceutical	 product	 development	
with	a	Cleveland-based	pharmaceutical	company.	This	





























The	 goals	were	 to	 clean	 the	Center	 of	 chemicals	 left	
behind	 through	wastes	 and	 to	 supply	 information	 to	
NASA	engineers	about	closed-environment	“eco”	sup-












In	 1973,	 NASA	 scientists	 identified	 107	 volatile	
organic	compounds	(VOCs)	in	the	air	inside	the	Skylab	




















The	 solution	Wolverton	 sought	 was	 not	 to	make	








was	 the	 BioHome,	 an	 early	 experiment	 in	 what	 the	
Agency	called	“closed	ecological	 life	support	systems.”	






difficulties,	 two	 of	 the	 most	 common	 symptoms	 of	
Sick	Building	Syndrome.	Once	the	plants	were	 intro-




















Plants Clean Air and Water for Indoor Environments
The BioHome at NASA’s Stennis Space Center was 4 feet 
long, 16 feet wide, and used common indoor house plants as 
living air purifiers.











Another	one	of	Wolverton’s	discoveries	 is	 that	 the	
more	air	that	is	allowed	to	circulate	through	the	roots	of	
the	plants,	the	more	effective	they	are	at	cleaning	polluted	











The	 interiors	 of	 the	 trailers	make	 heavy	 use	 of	 par-
ticleboard,	which	off-gasses	formaldehyde.	Many	of	the	
















filters	 into	 heating,	 ventilation,	 and	 air	 conditioning	
(HVAC)	 systems.	This	whole-building	 approach	 has	












Wolverton Environmental Services Inc. designed this sustainable ecosystem to show how a building’s circulation system and a 
rooftop garden could work in tandem to clean indoor air. 




Enhance education and recreation
Reduce fat while improving flavor
Transform paint into insulation
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carbon,	 and	 hydrocarbon	 polymers	 at	 surface	 levels.	













high	 in	 carbon	 (mostly	 soot)	 from	 fire-damaged	
artworks	without	causing	a	shift	 in	the	paint	color.	 It	
was	first	tested	on	oil	paintings.	In	1989,	an	arson	fire	at	
St.	 Alban	 Episcopal	 Church,	 in	 Cleveland,	 nearly	


















At	 Pittsburgh’s	 Carnegie	 Museum	 of	 Art,	 where	
an	Andy	Warhol	 painting,	 “Bathtub,”	was	 kissed	 by	
a	 lipstick-wearing	 vandal,	 the	 technique	 successfully	
removed	the	offending	pink	mark	with	a	portable	atomic	
oxygen	gun.	The	process	lightened	a	spot	of	paint,	but	
a	 conservator	was	 easily	 able	 to	match	 the	 spot,	 thus	
restoring	the	painting.
The	successes	with	the	art	 restoration	process	were	
well-publicized,	 and	 Lynda	 Taylor-Hartwick	 of	 the	
Independent	 Association	 of	 Questioned	 Document	













Corrosive Gas Restores Artwork, Promises Myriad Applications
The Atomic Oxygen Exposure Facility in operation at Glenn 
Research Center has been used for the removal of smoke 
damage and aged varnish from the surface of paintings and 
for cleaning organic contaminants from surfaces of materials.
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inks	are	of	different	manufacture.	Atomic	oxygen,	which	






























It	 is	not	 just	paint	and	 ink	 that	 the	Glenn	team	is	
experimenting	 on,	 though.	 The	 gas	 has	 biomedical	
applications	 as	 well.	 Atomic	 oxygen	 technology	 can	
be	used	to	decontaminate	orthopedic	surgical	hip	and	
knee	implants	prior	to	surgery.	As	a	result	of	handling,	
fabrication,	 and	exposure	 to	 air,	 the	 surfaces	of	 these	
implants	 are	 often	 contaminated	 with	 endotoxins	
(naturally	occurring	compounds	found	within	bacteria)	
and	 other	 biologically	 active	 contaminants.	 Such	
contaminants	 contribute	 to	 inflammation,	which	 can	
lead	to	joint	loosening,	pain,	and	even	the	necessity	to	
remove	 the	 implant.	Previously,	 there	was	no	known	
chemical	process	which	fully	removed	these	inflammatory	
endotoxins	 without	 damaging	 the	 implants.	 Atomic	
oxygen,	however,	can	oxidize	endotoxins	and	any	other	
organic	 contaminants	 to	 convert	 them	 into	 harmless	
gasses,	leaving	a	contaminant-free	surface.	

















A	patent	was	 licensed	 for	 the	 removal	 of	 biologically	
active	components	 from	surgical	 implants,	and	Glenn	
is	currently	 in	 talks	with	a	company	 that	 sells	plasma	
treating	equipment.	vParishioners at St. Alban Church, in Cleveland, thought this painting of Mary Magdalene was ruined after an arson fire destroyed 
much of the property. The same corrosive attributes of atomic oxygen that eat away at spacecraft were able to remove the 
layers of soot and smoke that covered the painting.


























































This 16-foot-diameter, pedestal-mounted, rotating globe was featured at the 006 Wirefly X-Prize Cup in Las Cruces, New 
Mexico. This exposition of personal space flight is a “celebration of forward-looking technology, space exploration, and 
education,” attracting thousands of people every October.
Detailed Globes Enhance Education and Recreation








Arabian	 payload	 specialist	 aboard	 STS-51G,	 a	 space	



























16-inch-diameter	 EarthBall	 for	 an	 educational	 film	
it	 made	 aboard	 the	 STS-45	 shuttle	 mission.	 “The	




Orbis	 later	 collaborated	with	NASA	 to	 create	 two	
giant	 world	 globes	 for	 display	 at	 the	 2002	Olympic	
Winter	 Games	 in	 Salt	 Lake	 City.	 Creating	 the	 two	




Imaging	 Spectroradiometer	 satellite,	 combined	 with	
observations	of	Antarctica	made	by	NOAA’s	Advanced	
Very	High	Resolution	Radiometer	sensor.	
Though	 the	 cloud	 cover	 has	 been	 slightly	 reduced	
in	order	for	most	of	the	landforms	to	be	visible,	Orbis	







This 6-foot-diameter rotating Orbis globe is installed in the Children’s Wing Atrium of Northland Church in  
Longwood, Florida.


























Over	 100	 Orbis	 world	 globes	 from	 2	 to	 20	 feet	
in	 diameter	 have	 been	 custom-built	 for	 a	 variety	 of	
display	 purposes.	They	 have	 been	 used	 as	 temporary	
exhibits	at	numerous	events,	such	as	conferences,	trade	
shows,	festivals,	concerts,	and	parades.	For	these	types	
of	 purposes,	 the	 company	maintains	 a	 fleet	 of	 rental	
globes	 ranging	 from	3	 to	16	 feet	 in	diameter.	Globes	
of	various	sizes	have	been	exhibited	at	numerous	events	
This un-retouched photograph of a 4-foot-diameter Orbis 
globe features the world’s cities fluorescing under black 
ultraviolet light. It was printed on special blackout digital 
fabric with the city lights added using ultraviolet-sensitive 
fluorescent paint. 
















Orbis	 globes	 can	 be	mounted	 on	 floor	 pedestals,	












Eric J. Morris, founder and chief cartographer of Orbis 
World Globes with a 4-foot-diameter cloud-free globe with 
the imprinted logo of the Instituto Nacional De Technica 
Aerospacial (National Institute of Aerospace Technology)  
in Spain.
This 10-foot-diameter Orbis globe is being carried in a peace march in Seattle, Washington, in March 00. Orbis globes have 
been a magnet for spectators and cameras in numerous parades, performances, and rallies around the world. (The gold building 
in the background is the Experience Music Project designed by renowned architect Frank Gehry.)
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During	 the	Mercury	 missions,	 astronauts	 ate	terrible	food:	freeze-dried	powders	and	semi-	liquids	 in	 aluminum	 tubes.	 Decades	 later,	
though,	astronauts	now	have	meals	prepared	by	celebrity	
chefs	 and	 access	 to	 everyday	 items	 like	 shrimp	 cock-




















Finally,	 space	 foods	have	 to	 taste	 good,	while	 still	
managing	to	be	healthy.	Toward	this	effort,	NASA	testing	







companies	 to	 grow	 and	 strengthen	 their	 business	 by	
leveraging	NASA	technology,	expertise,	and	programs.	
Diversified	Services	Corporation,	a	minority-owned	






2005),	 for	 taste	 tests	 and	performance	 studies.	 Fresh	
ground	 beef	 (90-percent	 lean)	 was	 used	 to	 prepare	
hamburger	patties	formulated	with	or	without	10-percent	






























a new nutritional fat 
replacement and flavor 
enhancement product 
with assistance from 
NASA.

















for-pound	 replacement	 of	 fat,	 and	 since	 it	 is	 only	
9-percent	fat,	it	is	possible	to	produce	products	that	have	
90-percent	 less	 fat	 than	 their	 full-fat	 counterparts.	 It	
contains	80-percent	fewer	calories	per	gram	than	fat.








It	 is	 healthy,	 has	wide-spread	 applicability,	 and	 is	

















on	 beef	 patties.	 In	 beef,	 optimal	 results	 have	 been	
obtained	 when	 converting	 80/20	 ground	 beef	 (80-
percent	lean	meat/20-percent	fat)	to	80/15/5	(80-percent	
lean	meat/15-percent	Nutrigras/5-percent	fat.)	Product	
testing	 is	 currently	 underway	 on	 pork	 sausage	 and	








Ice	 cream	 can	 be	made	 with	 less	 heavy	 cream	 by	
replacing	a	portion	of	the	cream	with	Nutrigras.	Overall	
costs	are	reduced	(cream	is	more	costly	than	Nutrigras),	
and	 the	 flavor	 profile	 is	 enhanced	 and	 improved.	 In	














The Nutrigras food 
supplement creates 
food that is more 
moist, more tender, 
and more flavorful than 
its full-fat counterpart, 
and 1 pound of the 
supplement replaces  
1 pound of animal fat.
























different	 filler	materials	 to	 create	 an	 environmentally	
friendly	 ablative	 insulation	 material.	 The	 material,	














and	 paints	 that	 create	 a	 useful	 thermal	 reflectance.	







from	USBI	who	were	 developing	 a	 roof	 coating	 out	











the	 engineers	 at	Marshall	 and	USBI.	 After	 a	 year	 of	
collaboration	as	well	as	additional	testing	with	Dr.	Heinz	
Poppendiek	of	 the	San	Diego-based	Geoscience	Ltd.,	
a	 research	 and	development	 firm	 specializing	 in	 heat	
transfer,	 fluid	flow,	mass	transfer,	micro	meteorology,	














Additive Transforms Paint into Insulation
Insuladd is an insulating paint additive that can be mixed with 
all interior and exterior paint.
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turning	 the	 ordinary	house	paint	 into	heat-reflecting	































The insulating materials reduce heat transfer by reflecting heat away from the painted surface by forming a heat-blocking radiant 
barrier on the surface.
According to Tech Traders Inc., its insulating paint additive can make homes, businesses, warehouses, ships, and other 
structures more energy efficient.
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The	 Mobile	 Launcher	 Platform	 at	 NASA’s	Kennedy	 Space	 Center	 is	 a	 two-story	 steel	structure	that	provides	a	transportable	launch	
base	 for	 the	 space	 shuttle.	 The	 main	 body	 of	 the	
platform	is	160	feet	long,	135	feet	wide,	and	25	feet	
high.	When	completely	unloaded,	the	platform	weighs	
















































New Lubricants Protect Machines and the Environment 
When they were built, 
Kennedy Space Center’s 
crawlers were the largest 
tracked vehicles ever 
made. The two crawlers, 
previously used to move  
the assembled Apollo/
Saturn spacecraft from the 
Vehicle Assembly Building 
to the launch pad, are now 
used for transporting the 
space shuttles.
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new	NASA	offshoot	products	 to	 the	market	under	 its	
brand	new	company	name.
The	 X-1R	Corporation,	 of	Daytona,	 Florida,	 has	
folded	 the	 high-performance,	 environmentally	 safe	
benefits	 into	 a	 full	 line	 of	 standard	 automotive	 and	






















The X-1R lubricants developed originally for use on the crawlers now provide consumers with superior lubricating qualities in 
environmentally safe, long-lasting products.
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grease,	a	formulation	recognized	by	the	National	Grease	













Created	 specifically	 for	 racing	 differentials	 and	























some	of	the	fastest	racing	engines	in	the	country.	Formed	 Penn Synthetic Reel Oil, Precision Reel Grease, and Rod & Reel Cleaner now protect against corrosion and rust.













Fully	 aware	 that	 not	 everybody	 is	 an	 automotive	
mechanic	or	an	engine	builder,	The	X-1R	Corporation	
markets	“handy	packs”	for	simple	jobs	around	the	house.	







In	 2003,	 The	 X-1R	Corporation	 teamed	 up	 with	









“The	 challenge	 was	 formulating	 the	 products	 for	
the	marine	environment,	 for	both	 fresh	and	 saltwater	




to	 the	 sun	and	the	corrosive	nature	of	 salt	and	water.	



















































was	also	honored	as	 the	34th	 inductee	 into	 the	Space	
Foundation’s	Space	Technology	Hall	of	Fame	in	2000.	v
X-1R®	is	a	registered	trademark	of	The	X-1R	Corporation.
Penn Synthetic Reel Oil, Precision Reel Grease, and Rod & 
Reel Cleaner are now providing optimum lubrication for longer 
casting and smoother retrieval.




Map, monitor, and manage Earth’s resources
Provide environmental data
Save energy and prolong motor life













based	 spectrometers,	 enabling	 the	 spectrum-detecting	
instruments	to	be	used	in	the	air	on	moving	platforms.	
















































Prior	 to	 joining	SpecTIR,	Bernard	was	 the	princi-
pal	 investigator	 on	 a	NASA-sponsored	 hyperspectral	
Advanced Systems Map, Monitor, and Manage Earth’s Resources
The SpecTIR VNIR sensor 
system is a compact, 
commercial-off-the-shelf system 
suitable for use on light and 
unmanned aircraft. It has a 
spatial resolution from 0. to  
meters, with a spectral range 
of approximately 40 to 1,000 
nanometers.
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crop-imaging	project.	This	project,	made	possible	through	
a	Small Business Technology Transfer (STTR)	contract	
with	Goddard	Space	Flight	Center,	aimed	to	enhance	

































Headquartered	 in	 Reno,	Nevada,	 with	 additional	
offices	 in	Easton,	Maryland;	Manassas,	Virginia;	 and	




and	 contamination	monitoring;	wetland	 and	 forestry	
characterization;	water	quality	assessment;	and	submerged	
aquatic	vegetation	mapping.	
According	 to	 the	company,	many	of	 its	 clients	 are	
environmental	management	firms	and	agricultural	groups	
that	require	broad-location	surveys	and	base	mapping	
that	 cannot	 be	 characterized	 by	 traditional	mapping	
technologies.	In	environmental	monitoring,	hyperspectral	
analysis	can	uncover	detrimental	soil	erosion,	as	well	as	
natural	 oil	 seeps	 and	 unnatural,	man-made	 oil	 spills	










single	 sources	 of	 imagery,	 according	 to	 SpecTIR.	 In	
agriculture,	for	instance,	any	two	plants	can	appear	similar	
to	 the	 casual	observer,	but	hyperspectral	 imagery	 can	
reveal	important	spectral	and	spatial	differences	that	other	




The	 SpecTIR	 VNIR	 sensor	 system	 has	 a	 spatial	
resolution	from	0.5	to	5	meters,	with	a	spectral	range	






The	 SpecTIR	 SWIR	 sensor	 system	 has	 a	 spatial	
resolution	of	1.31	meters	 at	1,000	meters	of	 altitude	














Hyperspectral data has many uses in agricultural applications, 
including for precision farming, irrigation, assessing crop 
health, disease monitoring, and determining soil diversity.
8 Environmental and Agricultural Resources  Spinoff 2007
Originating	Technology/NASA	Contribution	





for	 biomedical	 and	 educational	 purposes,	 as	 well	 as	
support	NASA’s	mission	 for	 human	 exploration	 and	
































Toward	 these	 efforts,	 a	 team	of	 researchers	 at	 the	
joint	research	center	developed	a	personal	physiological	
monitoring	device	 called	Lifeguard.	The	device	 is	 an	
unobtrusive,	easy-to-wear	system	of	lightweight,	rugged	
medical	 sensors.	 It	 is	 capable	of	 logging	physiological	
data,	as	well	as	wirelessly	transmitting	it	 to	a	portable	
base	 station	computer	 for	display	purposes	or	 further	
processing.	 The	 system	 was	 extensively	 tested	 for	
monitoring	 people	 in	 remote	 locations	 performing	
high-risk	activities,	 including	mountain	climbers,	and	
astronauts	 training	underwater	 at	 the	NASA	Extreme	
Environment	Mission	Operations	 facility	 in	 Florida.	
























the	 company’s	 team,	 Dr.	 Carsten	Mundt,	 the	 chief	
technology	 officer,	 is	 also	 actively	 engaged	 in	 several	




Sensor Network Provides Environmental Data
Intelesense Technologies provides global integrated 
monitoring products and services for environmental, public 
health, and other data.
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Ames	in	2002,	designing	free-flyer	satellites	for	biological	
research	in	space.	



























all	 there,	 the	 indescribable	uniqueness	 impressed	upon	
me	the	 importance	of	preserving	and	protecting	places	
like	these.”
He	 took	 this	 newfound	 excitement	 back	 to	 the	















clients	 better	 understand	 interrelationships	 in	 a	wide	
variety	of	areas,	including	environmental	preservation,	
monitoring	waterborne	 illnesses,	 detecting	 infectious	
diseases,	 and	 providing	 remote	 health	 care.	 Current	





The	 company	does	 this	 by	deploying	 a	worldwide	
wireless	 sensor	network	 that	communicates	data	 from	
anywhere	 in	 the	world,	and	 then	 integrates	with	data	
from	other	sources	automatically.	The	aggregated	data	
is	 then	 turned	 into	 real-time	 advanced,	 informative	
graphical	displays.













and	 several	 sleep	modes,	 the	 remotely	 programmable	
InteleCell	 addresses	 the	 challenges	 of	 deploying	 real-










Sensor Network Provides Environmental Data
Using NASA-developed technology, Intelesense makes 
rugged, wireless sensor devices for air, water, weather, and 
imagery that communicate their data over the Internet from 
anywhere in the world, integrate with data from many other 
sources automatically, and provide real-time advanced 
analysis and intelligent, collaborative visualization.




















of	 its	 initial	 testing	 of	 the	 network	 technology	 took	
place	in	that	region,	on	the	island	of	Kauai.	An	average	




Waialeale	 (Hawaiian	 for	 “rippling	
waters”)	 to	 the	 sea	 far	below.	This	
area,	 with	 its	 lush	 vegetation	 and	
cascading	waterfalls,	 is	 as	beautiful	
as	it	is	inaccessible.	With	no	cellular	
coverage,	 and	 much	 of	 the	 area	
only	 accessible	 via	 helicopter,	 it	
proved	 the	 perfect	 test	 bed	 for	








Waipi’o,	 Lumahai,	 Wainiha,	 and	
Haena	(an	ahupua’a	is	a	strip	of	land	



































Elsewhere	 in	 Hawaii,	 another	 network	 has	 been	
established	 for	 use	 by	 Maui	 Land	 and	 Pineapple	
Company	Inc.,	 for	use	 in	agricultural	monitoring	and	
preservation	 in	 a	 managed	 land	 region.	 On	 Oahu,	
the	company	has	established	a	small	urban	test	site	at	the	
One innovation from Intelesense 
Technologies is a network of integrated 
water, weather, and other sensors 
with GPS localization over a custom 
wireless voice/data network with 
secure uplink to an Internet-based GIS 
Web site.





of	 Experimental	 Program	 to	 Stimulate	 Competitive	
Research,	 “the	most	 advanced	 environmental	 sensing	
network	in	existence,”	but	the	time	spent	on	the	islands	
of	Hawaii	taught	the	founders	of	Intelesense	more	than	




helping,	 responsibility,	 doing	 the	 right	 thing,	 unity,	
taking	care	of	the	land	and	each	other,	and	enthusiasm).	









Environmental	 factors	 and	public	health	 are	often	
inextricably	 linked,	 and	 waterborne	 illnesses	 affect	
millions	 of	 people	 worldwide,	 especially	 in	 remote,	























could	have	 a	big	 impact	on	 the	world	by	monitoring	
drinking	 water	 supplies	 and	 producing	 alerts,	 thus	


























regularly	monitored	at	clinics,	 and	 the	 information	 is	
then	collected,	reviewed,	and	analyzed	at	the	hospitals.	











Intelesense Technologies produces inexpensive, real-time, 
field-deployable systems for environmental monitoring 
that integrate data from many sources (including public 
health data) and provide for easy analysis and intelligent, 
collaborative display.












































































Voltage Controller Saves Energy, Prolongs Life of Motors
The energy-saving soft start allocates power in direct 
proportion to the motor’s required workload, eliminating 
wasted electricity. Power Efficiency Corporation’s core 
technology is based on patented improvements to 
NASA technology.
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energy-saving	 soft	 start	 include	 Seattle-Tacoma	
International	 Airport	 and	 Honolulu	 International	
Airport,	as	well	as	the	Toronto	and	Anchorage	airports.	




Washington,	DC,	 and	 in	department	 stores	 like	Saks	
Fifth	Avenue	and	Mays.	
The	 company	 has	 also	 partnered	with	 several	 Las	
Vegas	 neighbors,	 large	 casinos	 whose	 escalators	 and	




Power	Efficiency	Corporation	 is	 also	 looking	 into	






Power Efficiency Corporation 
develops and markets 
advanced energy-saving 
technologies for electric 
motors, based on its 
licensed NASA technology. 
Its products include a motor 
efficiency controller designed 
to increase the efficiency of 
lightly loaded electric motors 
in escalators, elevators, 
grinders, granulators, mixers, 
saws, and stamping presses.
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NASA’s	 Kennedy	 Space	 Center	 is	 located	 on	prime	beachfront	property	along	the	Atlantic	coast	 of	 Florida	 on	Cape	 Canaveral.	While	
















































Ten	years	 later,	NASA	 is	 still	using	 this	 combined	
approach	 to	 fight	 concrete	 corrosion,	 and	 it	 has	 also	
developed	a	new	technology	that	it	believes	will	further	
advance	these	efforts.	The	technology	is	a	liquid	galvanic	
coating,	 applied	 to	 the	 outer	 surface	 of	 reinforced	
concrete,	to	protect	the	embedded	rebar	from	corrosion.	
The	 coating	 contains	 one	of	 several	 types	 of	metallic	
particles—magnesium,	 zinc,	 or	 indium.	An	 electrical	








commercially	 available	 ingredients,	 can	be	 applied	 to	
the	outside	surface	of	 reinforced	concrete	 (most	 rebar	
















Treatment Prevents Corrosion in Steel and Concrete Structures
The Surtreat coating is environmentally friendly and lasts 10 
years or more, reducing maintenance costs over the lifetime 
of the structure.
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Product	Outcome
The	NASA-developed	coating	may	be	used	to	prevent	





















problems	associated	with	 freezing	and	 thawing	of	 the	
porous	structures.	
Surtreat	 treatments	 are	 environmentally	 friendly,	
and	the	company	focuses	on	preventing	and	minimizing	











This parking structure was suffering from water and deicing 
salt infiltration, causing a number of corrosion-related 
problems throughout the structure. The Surtreat chemicals 
migrated over  inches below the surface, halting corrosion.
Surtreat uses topically applied, chemically reactive, migrating 




Simplify analysis and design
Translate -D graphics to -D surfaces
Improve health and performance monitoring







9 Computer Technology  Spinoff 2007
Originating	Technology/NASA	Contribution
Future	 spaceborne	 astronomy	 missions	 will	require	 telescopes	 with	 increasingly	 greater	power,	driving	the	dimensions	of	the	optics	and	
their	housing	structures	to	significantly	greater	sizes.	
The	increased	size	of	the	structures	reduces	the	dynamic	




significantly	 tighter	 than	 for	 anything	 that	has	 flown	
before,	and,	therefore,	the	sensitivity	to	dynamic	effects	
is	 correspondingly	 high.	 Finally,	 the	 physical	 size	 of	
the	optical	 instruments	makes	fully	integrated	system-






Techniques	 for	 system	 tests	 include	 using	 Finite	
Elements	 (FE)	 and	FE	model	 updating	 tools,	 system	
identification,	 and	 using	 various	 other	 tools	 for	
performing	optical	analyses.	These	techniques,	however,	
do	not	provide	for	analysis	of	cross-disciplinary	results.	
Therefore,	 the	 conventional	 approach	 is	 to	develop	 a	
requirement	 budget	 that	 assigns	 error	 allocations	 to	
each	of	the	modeling	teams.	This	approach	is	extremely	
limiting	in	that	it	does	not	allow	requirements	to	be	freely	






of	Medford,	Massachusetts,	through	a Small Business 
Innovation Research (SBIR) contract	to	design	a	new	
analysis	system.	
The	 result	 of	 the	 two-phase	 contract	 was	 the	
Disturbance-Optics-Controls-Structures	 (DOCS)	
Toolbox,	 a	 software	 suite	 for	 performing	 integrated	
modeling	for	multidisciplinary	analysis	and	design.	The	
Toolbox	allows	the	definition	of	subsystem/component	
models,	 including	 structural	models,	 control	 system	
models,	optical	sensitivities,	and	disturbance	models.	The	
component	models	are	automatically	coupled	together	





Planet	 Finder	 Structurally	Connected	 Interferometer	




The	purpose	of	 the	DOCS	Toolbox	 is	 to	 integrate	
various	discipline	models	 into	a	coupled	process	math	
model	 that	 can	 then	predict	 system	performance	 as	 a	
function	of	subsystem	design	parameters.	The	Toolbox	
accepts	 as	 input	 the	discipline	models	 from	a	 variety	
of	 currently	 available	 discipline	modeling	 tools.	The	
Toolbox	 then	 connects	 the	 discipline	 models	 and	
applies	numerical	conditioning	algorithms	to	 improve	
the	numerical	accuracy,	while	still	maintaining	model	
Optics Program Simplifies Analysis and Design
One of many segments of the mirror assembly being tested 
for the James Webb Space Telescope project at the X-Ray 
Calibration Facility at Marshall Space Flight Center. Marshall 
is supporting Goddard Space Flight Center in developing the 
telescope by taking numerous measurements to predict its 
future performance.
The James Webb Space Telescope is a large, infrared-
optimized telescope, scheduled for launch in 01. It will find 
the first galaxies that formed in the early universe, connecting 
the Big Bang theory to our own Milky Way galaxy.
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parameter	 analysis	 that	 formally	 identifies	 the	design	
variables	 that	 have	 the	 highest	 influence	 on	 system	
performance,	 risk,	 and	 cost;	 optimization	 of	 design	





analysis	 for	 computing	 errors	 bound	 to	 performance	




















Systems	 Inc.,	 of	 Raleigh,	 North	 Carolina,	 a	 spinoff	
company	that	was	formed	by	Midé	specifically	to	market	
the	DOCS	Toolbox.
Commercial	 applications	 include	 use	 by	 any	 con-






A Marshall Space Flight Center employee is inspecting one of the mirror assemblies for flaws.
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When	 it	 comes	 to	 solving	 some	 of	NASA’s	most	 challenging	 technical	 problems,	 the	mathematical	 minds	 that	 make	 up	 the	









A	key	 component	of	his	 job	was	developing	 complex	
algorithms	 that	 contributed	 to	 solving	mathematical	








blades,	 ranging	 in	 size	 from	2.5	 inches	 to	 30	 inches.	
(Glenn	specializes	in	the	development	of	jet	engine	and	






because	 the	 experimental	 blades	 being	 designed	 and	









or	 plies,	 that	were	 cut	 and	 stacked	 in	 a	mold	where	
heat	and	pressure	was	applied	to	create	a	solid	carbon	
graphite	blade.












to-2-D	 blade-flattening	 software	 program	 that	 could	
address	the	fan	blade	engineers’	needs.	By	taking	several	
Design Application Translates 2-D Graphics to 3-D Surfaces
One of the technical challenges faced by the Computational Sciences Group at Glenn Research Center was creating software 
that was able to accurately flatten a -D surface into a -D surface.




















Auer	 agreed	 with	 this	 assessment,	 so	 he	 pursued	








program	 that	 could	help	with	 the	 flattening	of	 fabric	
surfaces	 and,	 therefore,	 help	 the	 company	 cut	 down	
production	 time	 and	 limit	 the	 waste	 of	 materials.	
During	his	Internet	search,	he	came	across	information	
on	Auer’s	 software	 for	optimal	 flattening	of	 fan	blade	
patterns.	 After	 several	 correspondences	 with	 Auer,	
Settipani	recognized	the	potential	for	the	NASA	software	




















for	3-D	surfaces.	Since	 the	displays	 it	assembles	 serve	
Fabric Images Inc. has the difficult task of designing the graphics for complex displays before it can see the actual, complete, 
-D displays come together.









actual	 fabric	 sewing/construction	 process,	 creating	





The	 goal	 in	 the	 design	 process	 is	 to	 achieve	 2-D	
template-based	production,	based	on	the	corresponding	










similar	 to	NASA’s	 flattening	 process.	 This	 template	
or	pattern	is	then	applied	in	the	development	of	a	2-D	
graphic	layout.	To	achieve	the	desired	visual	graphic	look	
NASA helped overcome the unique design challenges of 
creating -D designs out of -D materials.
Fabric Images Inc. impresses its clients with intricate and innovative displays and designs.
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improve	upon	graphic	techniques	and,	thus,	offer	new	
design	services.	
Today,	 Fabric	 Images	 is	 wowing	 its	 business-	
to-business	partners	and	end-user	clients	with	intricate	
and	 innovative	displays	and	designs,	using	 the	NASA	
technology.	 Partners	 include	 Exhibitgroup/Giltspur	
(end-user	client:	TAC	Air,	a	division	of	Truman	Arnold	




engine”	has	yet	 to	be	 fully	 realized	by	Fabric	 Images,	






Since the displays Fabric Images Inc. assembles primarily serve as advertisements for its clients, there is the necessity of 
making sure the words and logos are visually correct on the -D surfaces.
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Scientists	and	engineers	have	long	used	computers	to	model	physical	systems.	Physical	modeling	is	a	major	part	of	design	and	development	processes,	






















based	company	a	Phase	I	Small Business Innovation 
Research (SBIR)	 contract	 to	create	a	new,	 simplified	
































Marking	 the	 successful	 completion	 of	 the	NASA-
funded	 research	project—and	 subsequent	maturation	
of	the	model	from	U.S.	Air	Force	funding—Scientific	
Monitoring	 released	 a	 commercial	 health-	 and	 per-




Hybrid Modeling Improves Health and Performance Monitoring
I-Trend comes with a configurable interface, and easy-to-use 
back-end analysis tools to simplify Six Sigma analysis of 
equipment health and performance. Control charts, regression 
fit charts, usage charts, and many other tools provide 
information in an easily recognizable format.
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I-Trend	 uses	 the	 hybrid	 physical	model	 to	 better	
characterize	the	nature	of	health	or	performance	alarms	
that	result	in	“no	fault	found”	false	alarms.	Additionally,	
the	 use	 of	 physical	 principles	 helps	 I-Trend	 identify	
problems	sooner.	According	to	Scientific	Monitoring,	
I-Trend	 represents	 the	 state	 of	 the	 art	 in	 condition-
monitoring	software.	It	is	part	of	the	company’s	complete	
ICEMS	 (Intelligent	 Condition-based	 Equipment	






















I-Trend	 technology	 is	 currently	 in	 use	 in	 several	
commercial	aviation	programs,	and	the	U.S.	Air	Force	
recently	 tapped	 Scientific	 Monitoring	 to	 develop	
next-generation	engine	health-management	software	for	
monitoring	its	fleet	of	 jet	engines.	As	for	the	medical,	
security,	 and	 financial	 applications	 that	 Scientific	
Monitoring	 envisioned	 upon	 completing	 the	NASA-
funded	project,	they	just	might	come	to	fruition	one	day.







After	 development	 of	 the	 I-Trend	 software,	 the	
company	 continued	 the	 original	 NASA	 work,	 this	








I-Trend is a Web-based condition-monitoring application specifically developed for analysis, trending, and alert functions on a 
wide range of equipment types.
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As	NASA’s	leading	organization	for	information	sciences,	 the	 Intelligent	 Systems	 Division	 at	Ames	 Research	 Center	 conducts	 world-class	
computational	 research	 to	 enable	 out-of-this-world	
capabilities.	In	particular,	 this	division	is	dedicated	to	
ushering	 in	 a	 new	 era	 of	 autonomous	 spacecraft	 and	
robotic	exploration,	as	well	as	extending	abilities	in	space	
through	human-computer	interactions	and	data	analysis.	
In	 addition	 to	 supporting	 NASA’s	 missions,	 the	
Intelligent	Systems	Division	 is	 focused	on	supporting	
national	needs	by	 finding	practical	 uses	 on	Earth	 for	
its	 space-driven	 technologies.	 Like	many	 of	NASA’s	
branches,	it	accomplishes	this	goal	through	partnerships	
with	private	industry,	collaborative	research	initiatives	




storage	 software	 system	 called	Netmark.	Offering	 an	
extensible,	 clientless,	 schema-less,	 information-on-
demand	framework	for	managing,	storing,	and	retrieving	




object-oriented	 data	 creation	with	 relational	models,	
using	SQL	(Structured	Query	Language)	queries.	This	
enables	 efficient	keyword	 searches	 that	 cover	 a	broad	



















“This	 joint	 venture	 combines	 the	 best	 software	
technology	 from	 NASA	 and	 Xerox,”	 said	 G.	 Scott	
Hubbard,	director	of	Ames	from	2002	to	2006,	following	







purposes,	 this	 system	combines	 the	Netmark	 content	
management	software	created	by	the	Intelligent	Systems	
Division	with	 complementary	 software	 from	Xerox’s	
global	research	centers	and	DocuShare.	In	its	pilot	stages,	
the	NX	Knowledge	Network	was	 tested	at	 the	NASA	










The	 research	 and	 development	 support	Xerox	 has	
received	thus	far	through	the	joint	technology	partnership	
with	Ames	has	 allowed	 the	 company	 to	 integrate	 the	
information-on-demand	organizational	elements	of	the	
NX	 Knowledge	 Network/Netmark	 software	 into	 its	


























deployments	 and	 reduces	 information	 technology	
complexity,	even	in	the	face	of	the	typical	heterogeneous	
mix	 of	 databases,	 servers,	 directory	 services,	 and	
storage	systems	prevalent	in	today’s	enterprises.	Unlike	
competitive	content	management	products,	Xerox	adds,	
DocuShare	 is	 entirely	Web-based,	 so	 it	works	 across	
multiple	operating	systems	and	can	integrate	with	popular	
infrastructure	databases	and	Internet	browsers.	Essentially,	
this	 enables	DocuShare	 to	 support	 a	mix-and-match	
enterprise	content	 infrastructure	and	scale	 from	small	
Software Sharing Enables Smarter Content Management
















management	 that	 can	 scale	 across	 an	 organization,	
whereas	DocuShare	CPX	6.0	provides	more	advanced	























among	 many	 others.	 In	 education,	 for	 example,	 it	
helps	faculty	and	staff	search	and	store	student	records,	
instructional	guidelines,	and	program	certifications,	as	
well	 as	distribute	 course	materials	 for	 traditional	 and	
interactive	e-learning	initiatives.	Additionally,	in	health	
care,	 it	 enables	 organizations	 to	 engage	 in	 document	
management	and	quickly	retrieve	items	such	as	patient	
charts,	signed	consent	forms,	laboratory	results,	X-rays,	
caregiver	notes,	 and	 clinical	 policies.	DocuShare	 also	
provides	the	key	capabilities	for	health	care	organizations	
to	 ensure	 that	 any	 potential	 document	management	
solutions	 support	 compliance	 with	 procedural	 and	






Xerox DocuShare CPX allows users to leverage the content that fuels transactional business functions—contracts, invoices, 
applications, and forms—more effectively and with greater flexibility than ever before.
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To	 date,	 more	 than	 $6.5	 million	 of	 government	
funding	 has	 been	 dedicated	 to	 the	 development	 of	
EDAptive	Computing	Inc.’s	(ECI)	EDAstar	engineering	
software	 tool	 suite.	 NASA’s	 Ames	 Research	 Center	
provided	 a	 significant	 share	 of	 this	 funding,	 through	
a	 total	 of	 five	Small Business Innovation Research 
(SBIR)	contracts	(three	Phase	I	contracts	and	two	Phase	
II	 contracts).	 This	 backing	 from	 Ames	 allowed	 the	













executable	 specifications	 can	 be	 used	 in	 conjunction	
with	 VectorGen	 to	 automatically	 generate	 tests	 to	
ensure	 system	 implementations	 meet	 specifications.	
According	 to	 the	 company,	 the	 VectorGen	 tests	






Engineering Software Suite Validates System Design
With graphical editing tools, EDAstar-based solutions can be used to rapidly create high-level, high-confidence design concepts.







EDAstar	 is	 ECI’s	 unique	 solution	 to	 completely	
capture	and	validate	system	design	requirements.	With	
graphical	 editing	 tools,	 EDAstar-based	 solutions	 can	













and	 tools	 to	create	detailed	 specifications	and	design.	
Furthermore,	EDAstar	 tools	 and	models	 can	be	used	












Initial	 commercialization	 for	 the	EDAstar	product	




Recertification	 Environment.”	 Customers	 include	
various	branches	within	the	U.S.	Department	of	Defense,	
industry	giants	like	the	Lockheed	Martin	Corporation,	





EDAstar can be used for simulating requirements, assessing risks, and checking their consistency and correctness before 





Enhance precision fabrication 
Broaden sensing horizons
Resist extreme heat and stress
Develop ultra-hard steel
Save time and energy
Streamline production
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on	 NASA’s	 conceptual	 solar	 sail-driven	 spacecraft.	
































to	 IsoTruss,	 too:	 It	 is	 less	 expensive	 to	manufacture,	
Open-Lattice Composite Design Strengthens Structures
The IsoTruss technology delivers superior structural solutions 
that are lighter, stronger, and more efficient than traditional 
fiber-reinforced composites, metal, or wood.


















IsoTruss	 utility	 pole	 applications	 are	 still	 on	 the	
horizon,	 albeit	with	plenty	of	potential.	According	 to	
a	Wall	 Street	 Journal	 article	 from	 2000,	 the	United	
States	 alone	 requires	 approximately	 4	 million	 new	
utility	poles	each	year	just	to	replace	rotting	wood	poles,	






























constructing	 the	 South	Towne	Exposition	Center,	 in	
Sandy,	Utah.	At	this	site,	it	took	just	two	workers	to	install	




IsoTruss	 is	 also	 being	 considered	 for	 use	 in	
communication	 towers,	 military	 structures,	 freeway	





of	 composite	 lattice	 structures	 for	 commercial	 and	
military	products.	The	pact	will	enable	the	two	companies	
to	provide	application-specific	 solutions	 to	customers	
in	 the	military,	 international	 aerospace	 industry,	 and	



















Civil Engineering students at Brigham Young University built 
an ultra-strong, super-light mountain bike using carbon fiber 
IsoTrusses instead of regular cylindrical tubes.



























manufacturer	 and	 supplier	 of	 highly	 differentiated	
sensor	 components	 for	 the	 aerospace,	 defense,	 and	
telecommunications	industries,	Epitaxial	Technologies	
had	previously	developed	an	ultra-sensitive	photoreceiver	




















Ultra-Sensitive Photoreceiver Boosts Data Transmission
Black holes grow by drawing gas from nearby objects such as 
stars into an accretion disk, a structure formed when material 
(usually gas) is being transferred from one celestial object  
to another.




commercial	 applications.	 It	 possesses	 the	 ability	 to	


















photoreceiver	 in	 military	 and	 civilian	 active	 laser	
imaging	and	free-space	laser	communication.	These	two	
applications	 focus	on	 the	 transmission	of	 laser	energy	
through	 the	 atmosphere.	During	 these	 transmissions,	

















A NASA-funded research project helped Epitaxial 
Technologies LLC to commercialize its avalanche photodiode 
and photon counting sensor technologies. Pictured here is a 
receiver chip.
















fleet,	 a	microgravity	 laboratory,	 an	observation	point	
for	astronomers,	and	an	assembly	station	for	spacecraft	
heading	 even	 farther	 into	 space.	 The	 project	 came	






the	 science,	 and	many	 aspects	of	 the	original	 designs,	
made	 their	way	 onto	 the	 International	 Space	 Station	
(ISS),	whose	first	component	was	launched	in	1998.	For	






































Micro Machining Enhances Precision Fabrication 
Artist’s concept of the Space Station Freedom, a design that led to many of the technologies currently aboard the International 
Space Station.















































The	 company	 has	 continued	 its	 relationship	with	
the	Space	Agency,	too.	Its	other	division,	in	addition	to	
micro-EDM,	is	thermal	systems,	which	is	currently	still	
























































Lextel	 has	 also	 added	 new	 features	 to	 and	 expanded	
the	applicability	of	the	hyperspectral	imaging	systems.	
It	has	made	advances	in	the	size,	usability,	and	cost	of	
the	 instruments.	The	 company	 now	 offers	 a	 suite	 of	
turnkey	 hyperspectral	 imaging	 systems	 based	 on	 the	
Portable Hyperspectral Imaging Broadens Sensing Horizons
Lextel Intelligence Systems LLC made advances in the size, usability, and cost of the NASA-developed portable hyperspectral 
imaging instruments. The company now offers a suite of turnkey hyperspectral imaging systems based on the original  
NASA groundwork.

























200E.	 Each	 image	 created	 by	 this	 device	 contains	 a	















working	 on	methods	 for	 incorporating	 hyperspectral	
fluorescence	into	the	instruments.	
In	 November	 2006,	 Lextel	 also	 entered	 into	 an	
agreement	with	Headwall	Photonics	Inc.,	of	Fitchburg,	
Massachusetts,	 to	 build	 a	 product	 line	 based	 on	 the	
convex	 grating	 reflective	 spectrograph	 design.	 This	
will	allow	the	worldwide	customer	base	to	have	a	choice	
between	 prism-grating	 prism	 systems	 or	 reflective-
based	systems.	There	will	also	be	work	between	the	two	
groups	 to	 incorporate	 their	microspectrographs	 into	
Lextel’s	next	generation	system,	The	Micro	Intelligent	
Imaging	System.	v
Lextel Intelligence Systems LLC has distributors for its hyperspectral imaging instruments all throughout the world. They are 
currently used for a wide variety of applications including medical, military, forensics, and food safety uses.
Microscope slide examined using a hyperspectral imaging 
instrument.













































X-43A	 and	 its	 engine,	while	 the	Huntington	Beach,	
California-based	Boeing	Company’s	Phantom	Works	





















MER	completed	Phase	II Small Business Innovation 
Research (SBIR)	contracts	with	Goddard	Space	Flight	
Center,	 Langley	Research	Center,	 the	 Jet	 Propulsion	
Laboratory,	Johnson	Space	Center,	and	Marshall	Space	
Flight	Center.	By	partnering	with	NASA	through	these	
contracts,	MER	developed	a	 coating	 that	 successfully	
Hypersonic Composites Resist Extreme Heat and Stress
The X-4A flights were the first actual flight tests of an  
aircraft powered by a scramjet engine capable of operating at 
hypersonic speeds (above Mach , or five times the speed  
of sound).
The first X-4A hypersonic research aircraft and its modified 
Pegasus booster rocket were carried aloft by NASA’s B- 
carrier aircraft from Dryden Flight Research Center on June , 
001, for the first of three high-speed free flight attempts.
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The	C-C	composites	 are	 very	 lightweight,	 yet	 still	
have	great	strength	and	stiffness,	even	at	very	high	tem-











the	 automotive	 industry,	 the	 composites	 have	 been	
useful	 for	engine	components,	brakes,	cylinder	 liners,	
and	panels.	Aerospace	applications	have	included	missile	




MER’s carbon-carbon composites are very lightweight, yet still have great strength and stiffness, even at very high temperatures.
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Originating	Technology/NASA	Contribution

















Since	 1972,	 the	 branch’s	 spur	 gear	 fatigue	 rig	 has	
set	 the	 standard	 for	 gear	 surface	 fatigue	 experiments,	
enabling	development	of	robust,	efficient,	and	safe	gas	
turbines	and	rotorcraft.	The	test	rig	provides	accelerated	
fatigue	 life	 testing	 for	 standard	 spur	 gears	 at	 speeds	
of	 up	 to	 10,000	 rotations	 per	 minute,	 and	 enables	









QuesTek	 provides	 unique	materials	 solutions	 to	 a	
variety	of	customers	by	using	its	powerful	mechanistic	
computational	 models	 to	 design	 steels	 and	 alloys	 to	
customer	 requirements.	The	 company’s	methodology	
uniquely	allows	for	design	trade-offs,	such	as	steels	opti-
mally	balanced	 for	 strength,	 toughness,	 and	corrosion	
resistance.	Employing	 computational	materials	design	
techniques,	 QuesTek	 uses	 fundamental	 thermody-
namic	and	kinetic	data	to	predict	alloy	microstructures;	







science	 and	 technology	 enterprise	 that	 develops	 and	


























needing	 exceptional	 strength	 for	 high-throughput	
applications.	The	material	is	already	being	used	in	racing	
markets.	For	instance,	QuesTek’s	C61	material	was	the	
power	behind	 the	Class	1600	champion	 in	 last	year’s	
Baja	1000	off-road	race.	Aside	from	racing,	this	high-
performance	material	is	in	testing	for	heavy	equipment	
gearing	 and	 in	 oil/gas	 gearing	 applications.	NASA	 is	
interested	in	the	materials	for	use	in	developing	vertical	
takeoff	 and	 landing	 vehicles,	 based	 on	 conventional	




Computational Modeling Develops Ultra-Hard Steel
Uses for this new class of steel are limitless in areas needing 
exceptional strength for high-throughput applications.












turboprop	aircraft,	 to	 research	methods	 for	evaluating	
and	simulating	the	growth	of	ice	on	aircraft,	the	effects	
that	ice	may	have	on	aircraft	in	flight,	and	the	develop-
ment	 and	 effectiveness	 of	 various	 ice	 protection	 and	
detection	systems.
Partnership
EGC	Enterprises	 Inc.	 (EGC),	 of	Chardon,	Ohio,	
used	the	IRT	to	develop	thermoelectric	thin-film	heater	
technology	to	address	in-flight	icing	on	aircraft	wings.	
Working	with	 researchers	 at	Glenn	 and	 the	 original	
equipment	manufacturers	of	aircraft	parts,	the	company	
tested	 various	 thin,	 flexible,	 durable,	 lightweight,	
and	efficient	heaters	and	developed	a	thin-film	heater	
technology	 that	 they	discovered	can	be	used	 in	many	














thin	 layers	 of	 varying	 materials	





typically	 laminated	 between	 a	 heat-conducting	 outer	
layer,	and	a	protective	insulating	layer.	The	inner	layer	
provides	full	electrical	conductivity,	eliminating	the	need	
















While	 the	product	 is	available	 in	a	variety	of	 sizes,	










at	 the	material’s	usefulness	 for	 applications	 including	




Thin, Light, Flexible Heaters Save Time and Energy
Developed in conjunction with NASA 
for in-flight aircraft deicing, Q•Foil 
heaters are now available for a broad 
range of applications from as small 
as a single square inch to as large 
as several square feet, and provide 
extremely rapid thermal response 
and even heating for a wide array of 
temperature ranges.
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The	NASA-developed	process	 eliminates	 the	 costs	
associated	with	the	use	of	metal	catalysts,	including	the	





processes,	 which	 required	 expensive	 equipment	 like	
vacuum	 chambers,	 dangerous	 gasses,	 and	 extensive	
technical	knowledge.	








Novel Nanotube Manufacturing Streamlines Production
NASA’s single-walled carbon nanotube (SWCNT) manufacturing process eliminates the costs associated with the use of metal 
catalysts, including the cost of product purification. As a result, the manufacturing cost can be reduced significantly for high-
quality, very pure SWCNTs.




the	 Center’s	 Innovative	 Partnerships	 Program	 (IPP)	








an	 entrepreneur	 interested	 in	 forming	 an	 advanced	
materials	 corporation,	 but	 who	 was	 in	 search	 of	 an	
innovation	 that	 would	 help	 his	 company	 stand	 out	











mercialize	 its	 products,	 and	 the	 inexpensive,	 robust	
















beneficial	 to	NASA,	 as	 widespread	 use	 of	 the	 Space	
Unlike most current methods—which require expensive equipment (e.g., vacuum chamber), dangerous gasses, and extensive 
technical knowledge to operate—NASA’s simple SWCNT manufacturing process needs only an arc welder, a helium purge, an 
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Developed at NASA’s Langley Research Center, the Macro-Fiber Composite (MFC) is an innovative, low-cost piezoelectric device 
designed for controlling vibration, noise, and deflections 
in composite structural beams and panels. It was created 
for use on helicopter blades and airplane wings as well as 
for the shaping of aerospace structures at NASA. 
The MFC is an actuator in the form of a thin 
patch, almost like a 3- by 2-inch bandage comprised 
of piezoelectric fibers, an epoxy matrix, and polyimide 
electrodes, and is also called a piezocomposite. If one 
applies a voltage to the MFC it will stretch, and if attached 
to a structure it will cause the surface to bend. The major 
advantages of a piezofiber composite actuator are higher 
performance, flexibility, and durability, compared to a 
traditional piezoceramic actuator.
MFCs consist of rectangular piezoceramic rods 
sandwiched between layers of adhesive film containing 
tiny electrodes that transfer a voltage directly to and from 
ribbon-shaped rods that are no thicker than a few tenths 
of a millimeter. These miniscule actuators are roughly 
equivalent to human muscles—flexing, stretching, and 
returning to their original position when electricity 
is applied.
Because any external mechanical deformation of an 
MFC package produces a charge on the electrodes pro-
portional to the deflection, its compression or stretching 
also enables the MFC to be used as a self-powered sensor. 
Defects within structures can therefore be detected, or 
small amounts of energy can be collected and stored for 
later use.
The MFC’s combination of small size, durability, 
flexibility, and versatility allows it to be integrated—along 
with highly efficient electronic control systems—into a 
wide range of products. Potential applications include 
sonar; range-measuring and fish-finding equipment; 
directional-force and fingerprint sensors; flow meters; and 
vibration/noise control in aircraft and automobiles. Since 
its original development in 1999, the MFC has been used 
in government and industrial applications ranging from 
vibration reduction to structural health monitoring.
NASA has used MFC piezocomposites for 
alleviating tail buffeting in aircraft, controlling unsteady 
aerodynamics and noise on helicopter rotor blades, and 
actively reducing vibrations in large deployable spacecraft 
structures. The MFC has been used as a sensor for 
impedance-based health monitoring of launch tower 
structures at NASA’s Kennedy Space Center, for strain 
feedback sensing and control in industrial arc welding 
equipment, in an STS-123 experiment, in solar sail 
technology, and in ultra-lightweight inflatable structures. 
The MFC has been internationally recognized for its 
innovative design, receiving two prestigious “R&D 100” 
awards in 2000, including the “R&D Editor’s Choice” 
award as one of the 100 most significant technical prod-
ucts of the year. The MFC was also the recipient of the 
International Forum’s prestigious “iF Gold” award, in 
Germany, for design excellence in 2004. In March 2007, 
the MFC was awarded the title of “NASA Invention of 
the Year.” 
‘NASA Invention of the Year’ Controls Noise and Vibration
The	Macro-Fiber	Composite’s	flat	profile	and	use	as	a	sensor	and	an	actuator	allows	for	use	in	critical	or	tight	areas	where	other	
technologies	with	larger	volumetric	profiles	cannot	be	used.
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Partnership





It	 now	 combines	 the	Langley	MFC’s	 piezoelectric	





































and	 so	provides	 crucial	 interdisciplinary	 resources	 for	





actuators	 and	 sensors,	 and	 test	 equipment	 for	 these	
products.	 It	 also	offers	 a	 compact,	 lightweight	power	
system	for	MFC	testing	and	validation.
Smart	Material	Corporation	believes	that	solid-state	






phones,	 and	 recreational	products	 requiring	vibration	
control,	such	as	skis,	snowboards,	baseball	bats,	hockey	
sticks,	and	tennis	racquets.	v
When compared to standard piezoelectric systems, the MFC is much more durable and provides increased unidirectional 
control. Furthermore, the MFC is designed to be readily integrated into a system as an add-on component or integrated during 
manufacture.  
1 Industrial Productivity and Manufacturing Technology  Spinoff 2007
Originating	Technology/NASA	Contribution
When	 NASA	 programs	 need	 the	 ultimate	reliability	to	power	deep	space	probes,	they	repeatedly	select	thermoelectric	(TE)	devices	
as	 a	 system	 component.	 TE	 devices	 heat,	 cool,	 and	




























































(PTC)	chambers.	 In	1988,	Spinoff	 featured	 the	water	
delivery	system	and	a	customized	PTC	chamber	deliv-









preventing	 contamination	 that	 would	 hinder	 precise	











Thermoelectric Devices Advance Thermal Management
United States Thermoelectric Consortium Inc. (USTC) has 
experienced great success in the development of thermal 
management devices based on micro-technologies, like this 
Rack Integrated Thermal Management System.




























The	USTC	 research	 and	design	 team	uses	 patent-





The	 smart	 TCS	 unit	 in	 RITMS	 for	 temperature	
control	 simplifies	 the	operation	of	 the	device.	USTC	
provides	 choices	 for	 cooling	media	 (liquid,	 air,	 and	
chilled	liquid),	high-power	level,	high-temperature	range,	
fast-temperature	response,	scalable	size,	remote	control,	
low	noise,	highly	 reliable,	 low	maintenance,	 and	easy	














Kerner	 organized	USTC	with	 a	 vision	 to	 build	 a	
world-class	team	of	experts	to	deal	with	Moore’s	Law:	


















USTC is an experienced provider of fully integrated, turnkey 
thermal management solutions designed to meet stringent 
user requirements.
USTC has received over 0 U.S.- and foreign-issued 
patents and has patent applications pending on new 
methods and devices.
Research and Operations
Pushing back boundaries in aeronautics and space exploration 
relies upon the ongoing research activities and operational 
support led by the four Mission Directorates: Science, Exploration 
Systems, Aeronautics Research, and Space Operations. These 
efforts are conducted at each of NASA’s 10 field centers.  
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The	 Aeronautics	 Research	 Mission	 Directorate 
cements	 NASA’s	 role	 as	 the	 leading	 government	
organization	 for	aeronautical	 research,	with	world-








































































The ice jets of Enceladus send particles streaming into 
space hundreds of kilometers above the south pole of this 
spectacularly active moon. Some of the particles escape to 
form the diffuse E ring around Saturn. This color-coded image 
was processed to enhance faint signals, making the contours 
and extent of the fainter, larger-scale component of the plume 
easier to see.




“The	 shapes	of	 these	deposits	 are	what	you	would	
expect	 to	 see	 if	 the	material	were	 carried	 by	 flowing	
water,”	 said	Michael	Malin	 of	Malin	 Space	 Science	
Systems,	San	Diego.	 “They	have	 finger-like	branches	
























indicate	 present-day	 flow	 of	 water,	 his	 camera	 team	




The	 announcement	 is	 the	 first	 to	 reveal	 newly	
deposited	material	apparently	carried	by	fluids	after	earlier	








it	might	be,	 and	whether	 there’s	 a	below-ground	wet	
habitat	conducive	to	life.	Future	missions	may	provide	
the	answers,”	said	Malin.	
Besides	 looking	 for	changes	 in	gullies,	 the	orbiter’s	











NASA photographs have revealed bright new deposits seen in two gullies on Mars that suggest water carried sediment through 
them sometime during the past 6 years.
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Mars	Global	Surveyor	began	orbiting	Mars	in	1997.	The	
spacecraft	is	responsible	for	many	important	discoveries.	









































Horizons	also	grabbed	 the	clearest	 images	 ever	of	 the	
tenuous	Jovian	ring	system.	In	them,	scientists	spotted	
a	series	of	unexpected	arcs	and	clumps	of	dust,	indicative	





Of	 Jupiter’s	 four	 largest	moons,	 the	 team	 focused	


























New	Horizons	 is	 the	 first	mission	 in	NASA’s	New	
Frontiers	Program	of	medium-class	spacecraft	explora-
tion	projects.	Alan	Stern,	the	Science	Mission	Directorate	




The	 mission	 team	 also	 includes	 Ball	 Aerospace	 and	






Image of the planet Jupiter’s moon, Io, as seen by the New 
Horizons spacecraft. A plume from a huge volcanic eruption 
can be seen at the north pole.


































Space	 Telescope,	 the	 European	 Organization	 for	
Astronomical	Research	 in	 the	Southern	Hemisphere’s	
Very	Large	Telescope,	 and	 the	Magellan	optical	 tele-
scopes	were	used	to	determine	the	location	of	the	mass	in	
the	clusters.	This	was	done	by	measuring	the	effect	of	
gravitational	 lensing,	where	 gravity	 from	 the	 clusters	
distorts	light	from	background	galaxies	as	predicted	by	
Einstein’s	theory	of	general	relativity.	











the	 true	 nature	 of	 dark	matter,	 this	 new	 result	 will	




Dark matter and normal matter have been wrenched apart by the tremendous collision of two large clusters of galaxies. The 
discovery, using NASA’s Chandra X-ray Observatory and other telescopes, gives direct evidence for the existence of dark matter.
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NASA	Research	Reveals	Climate	Warming	
Reduces	Ocean	Food	Supply
















each	 year	 as	 all	 land	 plants	 combined.	 Changes	 in	













(SeaWiFS)	 instrument	 on	 the	OrbView-2	 spacecraft,	
launched	 in	 1997.	 SeaWiFS	 is	 jointly	 operated	 by	
GeoEYE,	of	Dulles,	Virginia,	and	NASA.





























Scientists now have nearly a decade’s worth of data showing the cycle of plant life in the Earth’s oceans. From space, the 
“ocean color” satellites measure the ocean’s biology as plant productivity. In this visualization, high plant productivity is 
represented in green, while areas of low productivity remain blue.


























sphere,	 or	 corona,	 and	 can	 disrupt	 satellites,	 radio	
communication,	and	power	grids	on	Earth.	The	corona	






















Satellite	 and	utility	operators	 can	 take	precautions	
to	minimize	CME	damage,	but	they	need	an	accurate	


















Probes	 program	 within	 NASA’s	 Science	 Mission	
Directorate.	 The	 Goddard	 Science	 and	 Exploration	
Directorate	 manages	 the	 mission,	 instruments,	 and	
science	center.	The	Johns	Hopkins	University	Applied	
Physics	 Laboratory	 designed	 and	 built	 the	 spacecraft	
and	is	responsible	for	mission	operations.	The	STEREO	














made	 object,	 at	 a	 distance	 of	 about	 9.7	 billion	miles	




their	 successful	 achievements	 and	 a	 rare	 planetary	
alignment.	The	two-planet	mission	eventually	became	
a	 four-planet	 grand	 tour,	 and	 after	 completing	 that	
NASA’s STEREO satellites have provided the first -D images 
of the Sun.













































Voyager	 project	 manager	 at	 NASA’s	 Jet	 Propulsion	
Laboratory.	Massey	oversees	a	 team	of	nearly	a	dozen	
people	in	the	day-to-day	Voyager	spacecraft	operations.	
Voyager 1 passed the Saturnian system in November 1980; 
9 months later, Voyager  passed through this same system. 
The ensuing scientific discoveries were unprecedented with 
regards to the rings around Saturn and its satellite’s chemical 
makeup. Pictured are: Saturn (shown with rings), Dione 
(forefront), Tethys and Mimas (lower right), Enceladus and 
Rhea (upper left) and Titan in distant orbit (upper right).













exploration	 of	 the	 Moon	 and	 Mars,	 including	 the	















international	meetings,	 teleconferences,	 and	 bilateral	












•	 Scientific	 Knowledge:	 Pursue	 scientific	 activities	
addressing	fundamental	questions	about	Earth,	 the	
solar	system,	the	universe,	and	our	place	in	them.
•	 Human	 Civilization:	 Extend	 human	 presence		
in	space.
•	 Economic	 Expansion:	 Expand	 Earth’s	 economic	








astrophysics;	 commerce;	 commercial	 opportunities;	
communication;	crew	activity	support;	Earth	observa-
tion;	 environmental	 characterization;	 environmental	
hazard	mitigation;	general	infrastructure;	geology;	global	
partnership;	guidance,	navigation,	and	control;	helio-




















This artist’s concept shows a lunar lander docked with an 
Orion crew vehicle while in orbit around the Moon. The Orion 
capsule will remain empty while the astronauts descend in the 
lunar lander to explore the Moon’s surface.
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Through	 comprehensive	 and	 thorough	 analysis,	
the	Lunar	Architecture	Team	drafted	a	baseline	 lunar	
architecture	rooted	in	the	strategic	themes	and	objectives	





The	 Lunar	Architecture	Team	 analyzed	 two	 basic	
approaches	 to	human	 lunar	exploration.	One	was	 the	




















critical	 component	 of	 human	missions	 to	Mars.	 An	













enable	 crews	 to	 “live	 off	 the	 land”	 and	 even	 prepare	
for	 trips	 to	Mars	 and	 other	 destinations.	 The	 rocky	
A lander could transport explorers and a scientific payload to 
other lunar sites.
Incremental build up of an outpost would begin with the first mission of the human lunar campaign and each subsequent 
mission would add to the useful infrastructure.





Architecture	 Team	 determined	 that	 a	 polar	 location	
would	be	an	accessible,	simple	place	to	operate	and	offered	
advantages	such	as	natural	resources	and	the	potential	





ments.	 Use	 of	 solar	 power	 would	 allow	 explorers	



















serve	as	a	 stepping	stone	 for	 the	 future	exploration	of	
Mars,	 the	 lunar	 outpost	must	 employ	 long-duration	
systems	 and	 enable	 autonomous	 and	 robust	 surface	






It will take a significant effort over many years to build up the complete lunar outpost where humans can live and work on a 
continuous basis.
On the Moon, NASA astronauts will pursue a variety of 
scientific activities. 
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In	 preparation	 for	 human	 exploration	 of	 Mars,	
activities	 at	 the	 lunar	 outpost	 must	 enable	 a	 better	
understanding	 of	 the	 long-term	 physiological	 effects	
of	 living	 and	 working	 on	 another	 planetary	 body.	
Astronauts	will	stay	healthy	and	productive	through	the	
use	of	preventive	medicine;	 telemedicine	 and	 trauma	
care;	exercise	regimens	and	nutrition	countermeasures;	
radiation	protection	 and	mitigation;	 and	 research	on	
bone	loss,	cardiovascular	and	cardiopulmonary	function,	
musculoskeletal	status,	and	neurological	function.
Within	 the	 lunar	 architecture,	NASA	will	 pursue	
scientific	activities	corresponding	to	the	global	exploration	
strategic	 theme	 that	 addresses	 fundamental	 questions	
about	 Earth,	 the	 solar	 system,	 the	 universe,	 and	 our	
place	 in	 them.	Potential	 geoscience	 activities	 include	
investigation	of	the	layered	nature	and	formation	process	of	
the	 lunar	 regolith	 and	 study	 of	 lunar	 volatiles.	 Field	
operations	will	include	use	of	teleoperated	robotic	explorers	
and	 the	 ability	 to	 perform	preliminary	 chemical	 and	
mineralogical	 analyses	 on	 geologic	 samples.	 The	
geoscience	activities	performed	on	the	Moon	will	help	
provide	the	equipment	and	techniques	that	will	enable	the	
efficient	 geologic	 exploration	 of	 Mars	 and	 other	












NASA	 also	 seeks	 to	 conduct	 lunar	 exploration	 in	


























the	Earth	 departure	 stage	will	 separate	 and	 impact	 a	
crater,	creating	a	2.2-million-pound	plume.	The	satellite,	
a	 shepherding	 spacecraft,	will	 fly	 through	 the	plume,	
using	 instrumentation	 to	examine	 the	cloud	 for	 signs	
of	water	and	other	compounds.	At	the	end	of	its	mission,	
the	satellite	 itself	will	become	an	 impactor,	creating	a	




than	2020.	This	 journey	has	 already	begun,	with	 the	
development	of	a	new	spaceship.	Building	on	the	best	








send	 twice	 as	 many	 astronauts	 to	 the	 lunar	 surface	









The LRO is the first in a series of missions to the Moon, 
planned for launch in late 008 and orbiting for at least  
1 year.
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Aeronautics Research Mission 
Directorate
The	 Aeronautics	 Research	 Mission	 Directorate	
(ARMD)	 generates	 the	 revolutionary	 concepts,	 tech-










































Recent	 efforts	 under	 NASA’s	 Small	 Business	






for	 future	 jet	 engine	 fan	 casing/containment	 system	
applications	with	 the	potential	 for	 25-	 to	40-percent	
weight	 reductions	and	equal	or	better	performance	as	
measured	by	structural	and	damage	tolerance	parameters.	
The	 first	 technology,	 which	 uses	 fiber	 preform	
braiding	and	resin	transfer	molding	processes,	has	been	










infusion	molding	 processes,	 is	 in	 an	 earlier	 stage	 of	
development	but	has	been	demonstrated	in	lab	and	rig	
A concept image shows the Ares I crew launch vehicle during 
ascent. Ares I is an in-line, two-stage rocket configuration 
topped by the Orion crew exploration vehicle and launch 
abort system. The Ares I first stage is a single, five-segment 
reusable solid rocket booster, derived from the space shuttle. 
Its upper stage is powered by a J-X engine. Ares I will carry 
the Orion with its crews of up to six astronauts to Earth orbit.  
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Besides	 the	 immediate	 commercial	 transition	 of	
these	 two	new	 advanced	 composites	 technologies	 for	












programs	 to	 reduce	 fuel	 consumption.	 Research	 and	
technology	development	programs	focused	on	lightweight	
composite	materials	 to	enable	much	 lighter	airframes.	


















To	 address	 these	 issues,	 NASA’s	 Fundamental	
Aeronautics	Program	conducts	research	into	alternative	
fuels	 that	 are	 available	 from	domestic	 resources	 (e.g.,	
agricultural	 products	 and	 coal)	 and	 that	produce	 less	
A jet engine fan casing constructed of advanced composite 
technologies created by Glenn Research Center and its 
industry and university partners.
Alternative fuels include synthetic, bio-derived renewables, and more challenging fuels such as hydrogen.
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potentially	 harmful	 emissions.	 One	 approach	 is	 the	
Fischer-Tropsch	process	developed	by	German	scientists	
in	the	1920s.	Today,	it	is	still	one	of	the	more	promising	
processes	 to	 produce	 fuels	 from	 non-petroleum	 raw	


















produce	new	 fuels,	 nor	will	 the	Federal	 government,	




spinoff	will	 be	 realized	 by	 existing	 large-scale	 energy	





and	fuel	products,	 the	 lower	the	costs	and	greater	 the	
benefits	to	the	aviation	community.	
Space Operations Mission Directorate
The	 Space	 Operations	 Mission	 Directorate	 pro-
vides	NASA	with	 leadership	 and	management	 of	 the	
Agency’s	space	operations	related	to	human	exploration	
in	and	beyond	low-Earth	orbit.	Space	Operations	also	
oversees	 low-level	 requirements	 development,	 policy,	














Future	NASA	 astronauts	 who	 land	 on	 the	Moon	




in	New	Orleans,	 both	 will	 have	 critical	 roles	 in	 the	
Constellation	Program,	which	aims	to	land	astronauts	on	
the	Moon	by	the	end	of	the	next	decade.



















Constellation	 Program.	 Constellation	 spacecraft	 will	
be	used	 to	 send	astronauts	 to	 the	 International	Space	
Station	(ISS),	return	humans	to	the	Moon,	and	eventually	
journey	to	Mars.	
This engineer’s concept drawing of the A- Test Stand shows 
the 00-foot-tall structure’s open steel frame and large 
exhaust diffuser.




























further	 strengthen	 relationships	 among	NASA,	 other	
Federal	entities,	and	private	sector	leaders	in	the	pursuit	
of	national	priorities	 for	 the	 advancement	of	 science,	
technology,	 engineering,	 and	mathematics.	 The	 ISS	




























The International Space Station, against the blackness of space and Earth’s horizon, at the end of STS-11’s mission on 
June 19, 00.





















































Uniquely	 bringing	 together	 employees	 from	 both	






been	 affectionately	 dubbed	 “Operation	Dark	Dune”	

























Atlantis and a turtle race out to Pad 9B for mission STS-81.
Education News
NASA’s missions to space are the result of scientific 
expertise and technical excellence, qualities that are 
dependent on sound educational backgrounds. NASA 
gives back to the educational community in order to 
groom the next generation of explorers.
















to	 foster	 increased	 studies	 in	 science,	 technology,	







































Keweenaw	 Bay	Ojibwa	Community	 College,	 Baraga,	
Michigan;	 Leech	 Lake	 Tribal	 College,	 Cass	 Lake,	
Minnesota;	 Little	 Priest	 Tribal	 College,	Winnebago,	
































concepts	 and	 to	 improve	 their	 performance	 in	 the	
sciences.	 Created	 in	 2004,	 the	 program	 has	 traveled	
23,000	miles,	visiting	153	schools	in	32	states,	reaching	
more	 than	73,000	 students.	The	program’s	Web	 site,	
www.fmalive.com,	provides	classroom	lesson	plans	and	
other	educational	material	for	math	and	science	studies.
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Williams	began	 their	6-month	mission	on	 the	 station	
March	 31,	 2006.	 Additional	 Web	 cast	 participants	























students	have	participated	 in	Space	Day	 events	 in	21	
countries.	The	program,	which	is	supported	by	more	than	









NASA’s	 Educational	 Technology	 Services	 team	
at	 the	Marshall	 Space	 Flight	 Center,	 in	 Huntsville,	























Focused	 on	 science,	 technology,	 engineering,	
and	 mathematics,	 the	 institute	 will	 bring	 together	
the	 talent	 and	 expertise	 of	 historically	 black	 colleges	

















and	 highlights	 NASA’s	 continuing	 commitment	 to	




NASA partnerships are working to teach kids about space 
exploration through interactive and entertaining Web sites.
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A	Stellar	Educator...	
Educator	Astronaut	and	Mission	Specialist	Barbara	



















throughout	 the	 country,	 educational	 consulting	 and	
curriculum	design,	and	serving	on	the	National	Science	
Foundation’s	 Federal	 Task	 Force	 for	 Women	 and	
Minorities	in	Science	and	Engineering.	In	the	fall	of	1986,	






took	part	 in	 the	NASA	Orbiter-Naming	Project,	 sug-
gesting	 a	name	 for	NASA’s	newest	orbiter.	Little	did	
they	know,	they	were	helping	to	name	the	very	shuttle	
that	 would	 one	 day	 carry	 one	 of	 their	 teachers	 into	
space.	McCall-Donnelly	was	one	of	more	 than	6,000	
U.S.	schools	that	participated	in	the	competition,	and	





served	 in	 the	 International	Space	Station	Operations,	










four	 spacewalks,	which	 included	 the	 truss	 installation	
Barbara Morgan became the first teacher in space when she 
flew on the STS-118 mission. The crew members of STS-118 
included (from the left) mission specialists Richard A. (Rick) 
Mastracchio, Barbara R. Morgan, pilot Charles O. Hobaugh, 
commander Scott J. Kelly, and mission specialists Tracy 
E. Caldwell, Canadian Space Agency’s Dafydd R. (Dave) 
Williams, and Alvin Drew, Jr.













































and	 the	 world-renowned	 researchers,	 Dr.	 Henning	
Leidecker	and	Jay	Brusse,	her	ideal	internship	was	set.
Cyganowski	 continued	 her	 investigation	 of	metal	
whiskers	and	dendrites	well	past	the	end	of	her	inspira-
tional	and	beneficial	experience	with	the	NASA	Robotics	
Academy.	 Her	 passion	 for	 science	 and	 engineering	




•	 At	 the	 2007	Goddard	 Symposium	Poster	 Session,	
Cyganowski	 was	 one	 of	 two	 high	 school	 students	
selected	to	present.	As	part	of	her	research,	she	docu-






Astronaut Barbara R. Morgan, STS-118 mission specialist, smiles for the camera while working on the middeck of Space Shuttle 
Endeavour during Flight Day Two activities.










•	 The	 2007	National	 Space	Club	 Scholars	 Program	










































The formation of copper dendrites, from the report “Nickel Cadmium Batteries: A Medium for the Study of Metal Whiskers and 
Dendrites” by Anna Cyganowski, Jay Brusse, and Dr. Henning Leidecker.
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plan	to	address	local	challenges	in	science,	technology,	




Currently,	 200	 teams	 are	 involved	 in	 the	 project,	
representing	 all	 50	 states,	 the	District	 of	 Columbia,	




and	mathematics	 investigations.	 Selected	 schools	 are	









Student programs provide opportunities for active 
participation in research, problem solving, and 
design challenges relating to NASA’s missions.
Professional development workshops for teams of teachers 
and school administrators begin the integration of NASA 
content into existing school curricula.
Partnership News
NASA cultivates non-commercial relationships with private 
industry, academia, and other government agencies to bring 
its science back down to Earth. By contributing time, facilities, 
and a wealth of technical expertise, NASA enriches the lives 
of people everywhere with these successful partnerships.
1 Partnership News  Spinoff 2007







NASA	 was	 honored	 March	 1,	 2007,	 for	 suc-
cessfully	 conducting	 a	 broad	 range	 of	 technology	
transfer	 activities.	 The	 International	 Marketplace	
and	 Conference	 for	 Business	 Development	 through	
Technology	 Transfer	 (IPTEC),	 of	 St.	 Albans,	





















transfer	 strategies	and	 learn	about	 successful	 licensing	
programs	and	practices.	
“This	is	an	important	recognition	for	NASA,	because	




















































Photomicrograph of a sliced rat beta cell that has been 
processed with the modified NASA imaging technology. 
Insulin granules are the dark black spots surrounded by a 
white area called a halo. Large cells have hundreds of insulin 
granules. The colored borders around the granules are labels 
added to identify them and classify how they appear.























































































Clouds help regulate the Earth’s climate by reflecting sunlight 
into space, thus cooling the surface. When cloud patterns 
change, they modify the Earth’s energy balance in turn, and 
temperatures on the Earth’s surface.















































inspired	 a	 year-long	 search	 by	more	 than	 50	 experts	
working	together	as	part	of	the	Big	Woods	Conservation	
Partnership,	 led	 by	 Cornell	 University’s	 Cornell	
Laboratory	of	Ornithology	and	the	Nature	Conservancy.	
Researchers	have	 followed	 reported	 sightings	 across	 a	
huge	swath	of	the	Southeastern	United	States,	including	
the	Gulf	Coast,	Alabama,	and	Florida.













The	 research	 team	 previously	 used	NASA’s	 LVIS	











The	 study	 focused	on	phytoplankton	 in	 the	 tropi-
cal	Pacific	Ocean.	It	 is	an	area	of	the	ocean	that	plays	
a	 particularly	 important	 role	 in	 regulating	 atmo-
spheric	carbon	dioxide	and	the	world’s	climate,	in	that	
it	 is	 the	 largest	 natural	 source	 of	 carbon	 dioxide	 to	
the	atmosphere.
“We	 concluded	 that	 nitrogen	 is	 the	 primary	 ele-
ment	missing	 for	 algae	growth	and	photosynthesis	 in	
the	 northern	 portion	 of	 the	 tropical	 Pacific,	while	 it	
Artist’s rendering of the ivory-billed woodpecker. If the bird 
does exist, NASA’s Laser Vegetation Imaging Sensor could 
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was	 iron	 that	was	most	 lacking	everywhere	else,”	 said	
Michael	 J.	Behrenfeld,	 an	ocean	plant	 ecologist	 from	
Oregon	State	University.
Scientists	 determined	 that	 when	 phytoplankton	











For	 the	 tropical	 Pacific,	 correction	 for	 this	 “iron-
effect”	decreases	estimates	of	how	much	carbon	ocean	
plants	 photosynthesize	 for	 the	 region	 by	 roughly	



















This image depicts amounts of plant life on Earth. On land, the dark greens show where there is abundant vegetation, and the 
tan colors show relatively sparse plant cover. In the ocean, red, yellow, and green areas show higher levels of phytoplankton, 
and these are regions of the ocean that are the most productive over time, while blue and purple areas show where there is very 
little phytoplankton.
Satellite picture of phytoplankton bloom off Grand Banks, 
southeast of Newfoundland, using the OrbView-/SeaWiFS.








































































The partnership between NASA 
and Google Inc. will provide the 
public with access to much of 
NASA’s information, including 
weather visualization and 
forecasting, high-resolution -D 
maps of the Moon and Mars, as 
well as real-time tracking of the 
International Space Station and 
the space shuttle. 











































The	 first	 striking	 evidence	 for	 the	Big	Bang	 came	
between	1963	and	1965,	when	Arno	Penzias	and	Robert	




















Why	 the	 hyperbole?	 The	 temperature	 variations	
(about	10	parts	per	million)	make	life	possible.	Without	
them,	no	stars	or	galaxies	or	planets	would	have	formed.	









why	 stars	 formed,	 but	 the	 tweaked	model	 for	which	
Mather	and	Smoot	found	evidence	can.
When	Mather	presented	a	chart	of	the	first	9	minutes	
of	COBE	data	 at	 the	 1990	meeting	of	 the	American	
Astronomical	Society	in	Washington,	D.C.,	he	received	
The images were created from the COBE DMR data products. 
Each image has been histogram equalized, giving a non-linear 
relation between color value and temperature.





































































greenhouse	 gasses	 can	 persist	 in	 the	 atmosphere	 for	


















power	 sectors	 are	 particularly	 important	 in	 North	
America	 and	 Europe	 and	 produce	 large	 amounts	 of	
sulfur	 dioxide,	while	Asia	 has	 higher	 emissions	 from	
residential	sources,	which	produce	relatively	more	carbon-
containing	aerosols.
“Computer	model	 simulations	 showed	 that	 black	
carbon	in	the	Arctic,	a	potentially	important	driver	in	
climate	change,	derives	its	largest	portion	from	Southeast	






sphere	 just	 as	 dark	 pavement	 absorbs	more	 sunlight	
and	becomes	hotter	than	light	pavement.	It	has	a	large	




























































This pair of images from the Ozone Monitoring Instrument (OMI) on NASA’s Aura satellite shows smoke measurements over 
Alaska and western Canada on August 1, 00 (left) and August 1, 00 (right). Increasing amounts of smoke are shown as an 
aerosol index with shades of blue (little or no smoke) to dull red (thick smoke).
Because Antarctica holds about 90 percent of the world’s 
ice and 0 percent of the world’s reservoir of fresh water, 
leaks under the ice sheet influence sea level and ice melt 
worldwide.
















































said	 lead	 author	 Dar	 Roberts,	 of	 the	 University	 of	
California,	Santa	Barbara.	“We	have	come	a	long	way	
in	 just	 the	past	5	 to	10	years	 and	 continue	 to	gather	
much	 better	 data	 on	 the	 variables	 critical	 in	wildfire	
development	and	spread.”	
To	 find	out	how	well	NASA	satellites	could	detect	
these	 factors,	 researchers	 first	 sampled	 live	 fuel	mois-




were	 then	 compared	 to	 greenness	 and	moisture	mea-
sures	 from	 NASA’s	 Moderate	 Resolution	 Imaging	





“Improving	 the	 role	 of	 satellite	 data	 in	 wildfire	
prediction	 and	monitoring	 through	 efforts	 like	 these	
is	 critical,	 since	 traditional	 field	 sampling	 is	 limited	



























The MODIS on NASA’s Aqua satellite captured this photo-like 
image and fire detections, which are marked with red dots. 
Some of the fire detections appear only as “hotspots,” places 
where MODIS detected unusually high temperatures, while 
other fires are producing obvious smoke plumes.





































The	 EZVI	 technology	 is	 a	 cost-effective	 technol-
ogy	used	to	clean	ground	water	contaminated	by	dense	
chemical	compounds.	Engineers	at	Kennedy	developed	



























Hall	 of	 Fame,	managed	 in	 cooperation	with	NASA,	
has	honored	54	technologies,	as	well	as	the	innovating	




Johnson Space Center’s Michelle Brekke at the Space Technology Hall of Fame awards dinner with William B. Tutt, chairman 
emeritus of the Space Foundation (left) and Astronaut John Herrington (right), currently director of the Center for Space Studies 
at the University of Colorado.
Innovative Partnerships Program
The Innovative Partnerships Program creates partnerships with 
industry, academia, and other sources to develop and transfer 
technology in support of national priorities and NASA’s missions. 
The programs and activities resulting from the partnerships 
engage innovators and enterprises to fulfill NASA’s mission 
needs and promote the potential of NASA technology. 
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response	to	technical	topics	listed	in	the	annual	SBIR-
STTR	Program	Solicitation.	The	NASA	 field	 centers	
negotiate	 and	 award	 the	 contracts,	 and	 then	monitor	
the	work.










































SBIR/STTR Hallmarks of Success Videos	are	short	
videos	about	successful	companies	that	have	participated	
in	 the	 SBIR	 and	 STTR	 programs.	 Available	 online	
<http://sbir.nasa.gov/SBIR/successvideo.html>,	many	
Small businesses develop technologies in response to 
specific NASA mission-driven needs, as presented in the 
00 NASA SBIR-STTR Program Solicitation.
The Lunar Lander Challenge, one of NASA’s Centennial Challenges, is designed to accelerate technology developments 
supporting the commercial creation of a vehicle capable of ferrying cargo or humans back and forth between lunar orbit and the 
lunar surface.




















nasa.gov/>	 is	 NASA’s	 program	 of	 prize	 contests	 to	







efforts,	 the	National Technology Transfer Center 












The	Federal Laboratory Consortium for Tech-
nology Transfer (FLC)	<http://www.federallabs.org>	






To	 promote	 and	 facilitate	 the	 rapid	movement	 of	
Federal	 laboratory	research	results	and	technologies	




economic	 development	 organizations,	 and	 other	
entities	engaged	in	technology	development.
To	use	a	coordinated	program	that	meets	the	tech-






ment	personnel.	The	NASA	Scientific and Technical 
Information (STI)	program	<http://www.sti.nasa.gov>	
•
On May , 00, Peter Homer, of Southwest Harbor, Maine, won $00,000 from NASA for his entry in the Astronaut Glove 
Challenge, one of NASA’s seven Centennial Challenges.








in	the	Space Technology Hall of Fame	<http://www.
spacetechhalloffame.org>.	 The	 ever-growing	 list	 of	




www.nasatech.com>	has	 reported	 to	 industry	on	any	
new,	commercially	significant	technologies	developed	in	
the	course	of	NASA	research	and	development	efforts.		
The	monthly	magazine	 features	 innovations	 from	
NASA,	 industry	 partners,	 and	 contractors	 that	 can	
be	 applied	 to	 develop	 new	 or	 improved	 products	
and	 solve	 engineering	 or	 manufacturing	 problems.	
Authored	by	the	engineers	or	scientists	who	performed	
the	original	work,	the	briefs	cover	a	variety	of	disciplines,	
including	computer	 software,	mechanics,	 and	 life	 sci-















Technology Innovation is one of NASA’s magazines for 













The	NASA Technology Tracking System (NTTS) 
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★  NASA Headquarters	manages	the	Spinoff	Program.
▲ Innovative Partnerships Program Offices	at	each	of	NASA’s	10	field	centers	represent	NASA’s	
technology	sources	and	manage	center	participation	in	technology	transfer	activities.
■	 Allied Organizations	support	NASA’s	IPP	objectives.
ARC	 — Ames Research Center
CASI	 — NASA Center for AeroSpace Information
DFRC	 — Dryden Flight Research Center
FLC	 — Federal Laboratory Consortium
GRC	 — Glenn Research Center
GSFC	 — Goddard Space Flight Center
HQ		 — NASA Headquarters
JPL	 — Jet Propulsion Laboratory
JSC	 — Johnson Space Center
KSC	 — Kennedy Space Center
LaRC	 — Langley Research Center
MSFC	— Marshall Space Flight Center
NTTC	 —  National Technology Transfer Center
SF	 — Space Foundation
SPC/Fuentek	 — Systems Planning Corporation/Fuentek
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★  NASA Headquarters
National Aeronautics and Space Administration 
300 E Street, SW
Washington, DC 20546






National Aeronautics and Space Administration
Moffett Field, California 94035




Dryden Flight Research Center
National Aeronautics and Space Administration
4800 Lilly Drive, Building 4839
Edwards, California 93523-0273
Chief, Technology Transfer Partnerships Office: 




National Aeronautics and Space Administration   
21000 Brookpark Road   
Cleveland, Ohio 44135  
Director, Technology Transfer and Partnership Office:
Kathleen Needham   
Phone: (216) 433-2802  
E-mail: kathleen.k.needham@nasa.gov
Goddard Space Flight Center 
National Aeronautics and Space Administration 
Greenbelt, Maryland 20771





National Aeronautics and Space Administration  
4800 Oak Grove Drive
Pasadena, California 91109 





National Aeronautics and Space Administration
Houston, Texas 77058     
Director, Technology Transfer Office:   
Michele Brekke      
Phone: (281) 483-4614     
E-mail: michele.brekke@nasa.gov
Kennedy Space Center    
National Aeronautics and Space Administration  
Kennedy Space Center, Florida 32899   




Langley Research Center 
National Aeronautics and Space Administration 
Hampton, Virginia 23681-2199




Marshall Space Flight Center
National Aeronautics and Space Administration 
Marshall Space Flight Center, Alabama 35812
Acting Director, Technology Transfer Office:
James Dowdy
Phone: (256) 544-7604 
E-mail: jim.dowdy@nasa.gov
Stennis Space Center 
National Aeronautics and Space Administration 
Stennis Space Center, Mississippi 39529
Manager, Innovative Partnerships Program Office:




National Technology Transfer Center (NTTC)
Wheeling Jesuit University 
Wheeling, West Virginia 26003    
Darwin Molnar, Vice President




James M. Kudla, Vice President, Corporate Communications 
Phone: (703) 351-8238    
E-mail: jkudla@sysplan.com
Arlington, Virginia  22209
Fuentek, LLC
85 Goldfinch Lane
Apex, North Carolina 27523




310 S. 14th Street
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